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Preface: 


The Universe of physics book 
contains information based on from 
various research papers that 
regarding to the practical knowledge 
which we have seen in our daily life. 


Many things we experience in our 
practical life. But daily some 
Situations make us think questions 
like why and what i too have many 
questions like that in my mind 
whether it is silly questions or any 
other type of questions. 


| hope this book gives you a better 
experience in your practical life. 
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1. ANTIMATTER 


One bit of light can bounce off 
another bit of light, but not directly, 
and the effect is very rare. Light is 
made out of small quantum objects 
called photons. When you turn on a 
lamp, the light bulb begins creating 
and emitting trillions upon trillions of 
photons. Photons are in a class of 
quantum particles known as bosons. 
Bosons are special because many 
bosons can occupy the exact same 
quantum state at the same time. 
Light being made of bosons is what 
makes a laser beam possible. A laser 
beam is a collection of many photons 
all in the same quantum state. In 
contrast, particles that are not 
bosons cannot occupy the same 
state at the same time. This is one of 
the effects that keeps the atoms in 
an object from collapsing to a single 
point. The principle that dictates 
that non-bosons cannot be in the 
same state is called the Pauli 
Exclusion Principle. Non-bosons are 
also called fermions. The fact that 
bosons such as light can occupy the 
same state means that they don't 
get in each other's way. 


Also, light dominantly interacts with 
objects that have electric charge. 
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Since light itself does not have 
electric charge, one photon cannot 
directly interact with another 
photon. Instead, they just pass right 
through each other without being 
affected. Because they are bosons 
and because they carry no electric 
charge, one photon 

cannot directly bounce off another 
photon. If you point one jet of water 
towards another jet of water, then at 
the point where they cross you will 
get a mess of water spraying all over 
due to the collisions. In contrast, if 
you shine one light beam such that it 
crosses another light beam, they will 
just pass through each other 
unaffected. 


However, two photons heading 
towards each other can indeed 
collide indirectly. The process goes 
like this. A photon can spontaneously 
degenerate into a particle with mass 
and its antiparticle in a process 
known as pair production. In this 
process, the energy of the photon is 
completely transformed into the 
mass of the two particles. For 
example, a photon can turn into an 
electron and an anti-electron. If two 
photons head towards each other 
and they both turn into electron/anti- 
electron pairs at about the same 
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time, then these particles can 
interact. The anti-electron from one 
photon will collide with an electron 
from the other photon, and turn back 
to light. The same thing happens to 
the other anti-electron and electron. 
The overall effect is that you get two 
photons going into the interaction 
and you get two photons coming out 
of the interaction, so it looks like the 
photons simply bounced off each 
other. In a sense, the one bit of light 
did indeed bounce off the other bit of 
light, but only indirectly by 
transforming into other particles. 


This interaction is shown in the 
diagram. The red squiggles 
represent photons, the e+ blue lines 
are anti-electrons (positrons), and 
the e- blue lines are electrons. A 
photon comes from the left of the 
diagram and decays into an electron 
and an anti-electron. At the same 
time, another photon comes from the 
right and turns into an electron and 
an anti-electron. Each anti-electron 
collides with an electron, they 
mutually annihilate and turn back 
into a new photon. 


Photon-photon scattering is 
therefore possible through an 
indirect mechanism, but it is rare. 
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There are two reasons that it Is rare. 
First, light can only turn into other 
particles if it has enough energy to 
create the mass needed for the new 
particles, according to E = mc. 
Because cis such a huge number, it 
takes a large amount of energy to 
make a little bit of mass. In order to 
turn into an electron and an anti- 
electron, the photon must have at 
least as much energy as the 
equivalent energy of their combined 
masses. Only gamma rays (one step 
higher than X-rays) have enough 
energy to do this. Secondly, the 
photons have to transform at just 
the right moment tn order for the 
new particles from both photons to 
collide. For both of these reasons, 
light-light scattering is very rare. In 
fact, light-light scattering has never 
been conclusively observed. All the 
steps in light-light scattering have 
been observed (pair production and 
pair annihilation), so that we know 
that it is possible. The whole effect is 
just so rare that it has never been 
observed. However, the Large 
Hadron Collider (LHC) has both the 
ability to create high-energy light, 
and the ability to create a lot of it, 
making the rarity of light-light 
scattering more manageable. It is 
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only a matter of time before the LHC 
observes light bouncing off . 


Light-light scattering is possible 
through an indirect mechanism, but 
is extremely rare. Public Domain 
Image, source. 


Antimatter does not have negative 
mass. In our universe, there is no 
such thing as negative mass. Mass 
only comes in positive form. In 
contrast, electric charge can be 


positive or negative. The 
nonexistence of negative mass has 
profound consequences. First, 


gravity is always attractive and 
never repulsive. Presumably, _ if 
negative mass existed, it would be 
repelled by objects with positive 
mass such as the earth or sun. A cup 
made out of negative mass would fall 
up and not down when you let it go. 
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As interesting as this sounds, 
negative mass does not exist, so 
heavier objects always fall down. 
Second, the lack of negative mass 
means that gravitational fields can 
never be shielded, blocked, or 
canceled. In contrast, electric charge 
comes in both positive and negative 
varieties. An electric field created by 
a positively charged object can 
therefore be blocked by a wall of 
negative charges. This is the 
principle used in metal shielding, 
which keeps the microwaves in a 
microwave oven from cooking 
everything in the kitchen. But there 
is no negative mass to cancel out 
gravity. If negative mass did exist, 
you could use it as a form of anti- 
gravity. If you built a floor on earth 
out of negative mass of sufficient 
size, then people above that floor 
would feel no gravity and would float 
around. Again, negative mass does 
not exist, so genuine anti-gravity is 
not possible. Gravity permeates 
every cell of every creature, and into 
the deepest dungeon with the 
thickest walls. 


Antimatter is a physical entity with 
positive mass that is identical to 
regular matter in every way except 
that the charge and some other 
properties are flipped. Every bit of 
matter in the universe has a 
potential antimatter counterpart. 
Every fundamental particle of 
regular matter has an antimatter 
version. For instance, the antimatter 
version of the electron is the 
positron. Electrons and positron 
have the exact same mass, the same 
Spin, and the same charge 
magnitude. The only difference is 
that electrons are negatively 
charged and positrons are positively 
charged (positrons should not be 
confused with protons which are 
completely different particles) and a 
few other properties are flipped. 
When an electron meets a positron, 
they annihilate each other and their 
combined mass Is converted 
completely into energy in the form of 
gamma rays. This effect is used 
routinely in medical PET scans. In 
general, antimatter annihilates its 
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regular matter version when they 
meet. Antimatter can be thought of 
as regular matter traveling 
backwards in time. In this picture, a 
particle-antiparticle annihilation 
event can be thought of as a 
forward-time-traveling particle being 
knocked by gamma rays so that it 
becomes the same particle, but just 
traveling backwards in time. Note 
that this time travel concept applies 
only to specific antimatter events 
that obey the conservation of energy 
and does not open up the possibility 
for humans to travel back in time, 
which would violate the conservation 
of energy. Although = antimatter 
comes in very small quantities in our 
universe, it is not as exotic or 
unnatural as once thought. Every 
minute of every day, high energy 
cosmic rays from distant supernovas 
are slamming into earth's 
atmosphere and creating a very 
small amount of antimatter. Also, the 
natural radioactive decay that takes 
place constantly in earth's rocks 
creates small amounts of antimatter. 
But this antimatter does not stick 
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around for long because it quickly 
bumps up against regular matter and 
destroys itself in the process. 


According to our current 
understanding, there is no way to 
distinguish an antimatter black hole 
from a regular-matter black hole. In 
fact, there is no difference between 
an antimatter black hole and a 
regular-matter black hole if they 
have the same mass, charge, and 
angular-momentum. 


First of all, antimatter is just like 
regular matter except that its charge 
and some other properties are 
flipped. Antimatter has positive mass 
just like regular matter and 
experiences gravity the same way. 
Antimatter is exotic in the sense of 
being very rare in our universe, but 
it is not exotic in how it obeys the 
laws of physics. An antimatter cookie 
would look just like a regular-matter 
cookie. Therefore, adding the 
concept of antimatter to the 
discussion does not really lead to 
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anything new or exotic. We could 
just as easily ask, "what is the 
difference between a black hole 
made of hydrogen and a black hole 
made of helium?" The answer is that 
there is no difference (as long as the 
total mass, charge, and angular- 
momentum are the same). 


According to the No-Hair Theorem, a 
black hole has the interesting 
property that all information and 
structure that falls into a black hole 
becomes trapped from the rest of 
the universe, and perhaps even 
destroyed, except for its effect on 
the total mass, charge, and angular 
momentum of the black hole. The 
overall mass of a black hole is what 
determines the strength of its 
gravity. When scientists talk about 
large or small black holes, they are 
actually talking about the mass of 
the black hole. Large black holes 
have more mass, more gravity, and 
therefore more effect on their 
surroundings. When matter falls into 
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a black hole, it increases the overall 
mass of the black hole. 


The overall electric charge of a black 
hole determines the strength of the 
electric field that it creates. When 
matter with electric charge of the 
Same polarity as the black hole falls 
in, it increases the charge of the 
black hole. 


The overall angular momentum of a 
black hole describes how fast it is 
spinning. When matter falls into a 
black hole with a swirling motion (as 
opposed to falling straight in), it can 
Increase the black hole's_ total 
angular momentum if the matter 
swirls in the same direction, or 
decrease the black hole's total 
angular momentum if it swirls in the 
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opposite direction. 


The no-hair theorem, proved by the 
combined work of Israel, Carter, 
Robinson, and myself, shows that the 
only stationary black holes in the 
absence of matter fields are the Kerr 
solutions. These are characterized by 
two parameters, the mass M and the 
angular momentum J. The no-hair 
theorem was extended by Robinson 
to the case where there was an 
electromagnetic field. This added a 
third parameter Q, the electric 
charge... What the no-hair theorems 
Show is that a large amount of 
information is lost when a body 
collapses to form a black hole. The 
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collapsing body is described by a 
very large number of parameters. 
These are the types of matter and 
the multipole moments of the mass 
distribution. Yet the black hole that 
forms is completely independent of 
the type of matter and rapidly loses 
all the multipole moments except the 
first two: the monopole moment, 
which is the mass, and the dipole 
moment, which is the angular 
momentum. 


We don't know exactly what goes on 
in a black hole. The matter inside a 
black hole could be condensed down 
to an indistinguishable blob. Or the 
matter could retain some structure 
but remain trapped in the black hole 
by the black hole's intense gravity. 
The problem is that a black hole's 
center is so small that the theory of 
General Relativity, which describes 
gravitational effects, becomes 
inaccurate. We need quantum theory 
to accurately describe physics on the 
very small scale. But we have not yet 
developed a correct theory of 
quantum gravity. Therefore, we 
won't have a good idea of what goes 
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on inside a black hole until we have 
an accurate theory of quantum 
gravity. The fact that the inside of 
black holes is shielded from all 
experimental observations makes 
the task even more difficult. 


Difference between antimatter, dark 
matter, dark energy, and degenerate 
matter 


Yes. Although the names sound 
vague and almost fictional, the types 
of matter called antimatter, dark 
matter, dark energy, and degenerate 
matter are all different, specific 
entities that really exist in our 
universe. 


Antimatter is just regular matter 
with a few properties flipped, such 
as the electric charge. For example, 
the antimatter version of an electron 
is a positron. They both have the 
same mass, but have opposite 
electric charge. Antimatter is not as 
exotic as science fiction makes it out 
to be. For starters, antimatter has 
regular mass and accelerates in 
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response to forces just like regular 
matter. Also, antimatter Is 
gravitationally attracted to other 
forms of matter just like regular 
matter. For every particle that exists, 
there is an antimatter counterpart 
(some particles such as photons are 
their own anti-particles). What 
makes antimatter unique is that 
when antimatter comes in contact 
with its regular matter counterpart, 
they mutually destroy each other 
and all of their mass is converted to 
energy. This matter-antimatter 
mutual annihilation has been 
observed many times and is a well- 
established principle. In fact, medical 
PET scans routinely use annihilation 
events in order to form images of 
patients. Antimatter is therefore only 
distinct from regular matter in that it 
annihilates when meeting regular 
matter. For instance, a proton and a 
positron are somewhat similar. They 
both have regular mass. They both 
have a positive electric charge of the 
same strength. They both have a 
quantum spin of one half. But when a 
proton meets an electron, it forms a 
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stable hydrogen atom. When a 
positron meets an electron, they 
destroy each other. The key 
difference is that a positron is 
antimatter and a proton is not. 


Antimatter is very rare in our 
universe compared to regular matter, 
but there are small amounts of 
antimatter all over the place in the 
natural world, including inside your 
body. Antimatter is created by many 
types of radioactive decay, such as 
by the decay of potassium-40. When 
you eat a banana, you are eating 
trace amounts of antimatter- 
producing atoms. The amount is so 
small, that it does not really affect 
your health. But it is still there. Why 
doesn't antimatter build up in your 
body? The key is that our universe is 
mostly made of regular matter, so 
antimatter cannot stick around for 
very long. Very soon after antimatter 
is created, it bumps into regular 
matter and gets destroyed again. 
Antimatter is also produced by 
lightning and cosmic rays. It is well 
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understood by physicists, and is 
predicted by standard particle 
physics theories. 


Dark matter is matter that does not 
interact electromagnetically, and 
therefore cannot be seen using light. 
At the same time, dark matter does 
interact gravitationally and can 
therefore be "seen" through its 
gravitational effect on other matter. 
It is common throughout the 
universe and helps shape galaxies. In 
fact, recent estimates put dark 
matter as five times more common 
than regular matter in our universe. 
But because dark matter does not 
interact electromagnetically, we 
can't touch it, see it, or manipulate it 
using conventional means. You 
could, in principle, manipulate dark 
matter using gravitational forces. 
The problem ts that the gravitational 
force is so weak that you need 
planet-sized masses in order to 
gravitationally manipulate human- 
sized objects. There remains much 
unknown about dark matter since it 
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is so hard to detect and manipulate. 
Dark matter is not predicted or 
explained by standard particle 
physics theories but is a crucial part 
of the Big Bang model. 


Dark energy is an energy on the 
universal scale that is pushing apart 
galaxies and causing the universe to 
expand at an increasing rate. Like 
dark matter, dark energy is poorly 
understood and is not directly 
detectable using conventional 
means. Several lines of evidence 
make it clear that our universe is 
expanding. Not only that, our 
universe is expanding at an 
increasing rate. Dark energy is the 
name of the poorly understood 
mechanism that drives this 
accelerating expansion. While dark 
matter tends to bring matter 
together, dark energy tends to push 
matter apart. Dark energy is weak 
and mostly operates only on the 
intergalactic scale where 
gravitational attraction of dark 
matter and regular matter is 
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negligible. Dark energy is thought to 
be spread thinly but evenly 
throughout the entire universe. Dark 
energy is also not predicted or 
explained by standard _ particle 
physics theories but is included in 
modern versions of the Big Bang 
model. Dark energy may have a 
connection with the vacuum energy 
predicted by particle physics, but the 
connection is currently unclear. 


Degenerate matter is regular matter 
that has been compressed until the 
atoms break down and the particles 
lock into a giant mass. Degenerate 
matter acts somewhat like a gas in 
that the particles are not bound to 
each other, and somewhat like a 
solid in that the particles are packed 
so closely that they cannot move 
much. A white dwarf star is mostly 
composed of electrons compressed 
into a state of degenerate matter. A 
neutron star is mostly composed of 
degenerate neutrons. Further 
compression of a neutron star may 
transform it to a quark star, which is 
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a star composed of quarks in a 
degenerate state. But not enough is 
known about quarks to determine at 
present whether quark stars really 
exist or are even possible. These 
concepts are summarized in the list 
below. 


Regular Matter 


Examples: electron, proton, neutron 


Main Role: forms atoms, molecules, 
objects, planets, etc. 


Reflects Light?: yes 
Antimatter 


Examples: positron, antiproton 

Main Role: annihilates regular matter 
Reflects Light?: yes 

Dark Matter 


Examples: unknown 
Main Role: adds mass to galaxies 
Reflects Light?: no 
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Dark Energy 


Examples: unknown 

Main Role: drives cosmic expansion 
Reflects Light?: no 

Degenerate Matter 


Examples: neutron star 
Main Role: forms dense stars 
Reflects Light?: yes 


2. BLACKHOLE 


There are different types of black 
holes. The most straightforward way 
to classify black holes is according to 
their mass. You may think that 
because a black hole is in essence 
just a clump of matter that is dense 
enough to trap light, black holes of 
all masses should exist. In other 
words, black holes should exist along 
a continuous range of masses. 
However, that is not what we find in 
practice. The only types of black 
holes that have been firmly 
established to exist are stellar-mass 
black holes and supermassive black 
holes. 


Stellar-mass black holes are formed 
from the gravitational collapse of a 
single star or from the merger of two 
neutron stars. Therefore, stellar- 
mass black holes have masses 
similar to the masses of stars. More 
specifically, stellar-mass black holes 
have masses ranging from about 3 
times the mass of our sun to about 
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50 times the mass of our sun. In 
contrast, supermassive black holes 
have a mass greater than about 
50,000 times the mass of our sun 
and are typically millions to billions 
times the mass of our sun. 
Supermassive black holes are far too 
large to have formed from the 
gravitational collapse of a single 
Star. However, scientists do not 
currently know how supermassive 
black holes form. Supermassive 
black holes are always found at the 
center of a galaxy and almost all 
galaxies have a supermassive black 
hole at its center. This seems to 
Suggest that each supermassive 
black hole is formed as part of the 
formation of its galaxy. 


Interestingly, there seems to be zero 
or very few black holes with a mass 
between that of stellar black holes 
and supermassive black holes. The 
range between about 50 times the 
mass of our sun to about 50,000 
times the mass of our sun seems like 
a huge range over which black holes 
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typically do not exist. Any black hole 
with a mass in this range is called an 
intermediate black hole. A few 
decades ago, intermediate black 
holes were thought to not exist at 
all. However, recent observations 
seem to suggest that intermediate 
black holes may exist but are very 
rare. There may be many reasons 
why intermediate black holes are 
very rare, but one reason is likely the 
most important. This reason is that 
there are not any common physical 
mechanisms in the universe that can 
collapse matter down to a black hole 
of intermediate size. Most stars are 
too small to collapse down to 
intermediate black holes and 
whatever galactic mechanism 
produces supermassive black holes 
seems to involve masses that are too 
large to produce intermediate black 
holes. This is an ongoing area of 
research. 


Also interestingly, there seems to be 
no black holes that have a mass 
smaller than that of the stars (which 
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Spans a huge range from the mass of 
planets down to masses smaller than 
that of electrons). Termed mini black 
holes or micro black holes, the laws 
of physics as currently understood 
seem to suggest that it is indeed 
physically possible for them to exist. 
However, scientists cannot find any 
evidence of mini black holes existing. 
Perhaps mini black holes can exist 
but there is no natural physical 
mechanism that can produce them. 
Or perhaps mini black holes cannot 
exist for fundamental physical 
reasons. If mini black holes did exist, 
it is likely that they would quickly 
evaporate away to nothing through 
Hawking radiation. This is also an 
ongoing area of research. 


These concepts are summarized in 
the table below, where the numbers 
Shown are approximate and the 
values for mass are that value times 
the mass of our sun. 
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Mini Black 
Hole 


Stellar-Mass 
Black Hole 


Intermediate 
Black Hole 


Supermassive 
Black Hole 


Mass: less than 3 


3 to 50 


50 to 50,000 


50,000 
to billions 


rare or 
none 


Abundance: 


common 


rare or none 


common 


Formation: unknown 


collapse 
of a star 


unknown 


part of galaxy 
formation 


Physically maybe 


yes 


yes 


yes 


allowed: 


Another way to classify black holes is 
according to physical structure. The 
point-of-no-return nature of black 
holes means that most of the 
information that enters a black hole 
is destroyed or permanently locked 
away from the rest of the universe. 
For instance, there are no such 
things as rocky black holes or 
gaseous black holes like there are 
rocky planets and gaseous planets. 
All the rocks, gases, and dust 
particles that fall into a black hole 
get crushed down to a featureless 
speck of mass or ring of mass. 
Similarly, there are no such things as 
hot black holes or cold black holes. 
Also, there is no difference between 
a black hole formed from regular 
matter and a black hole formed from 
antimatter (although I should note 
here that there are not actually 
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clumps of antimatter in our universe 
that are large enough to form black 
holes). The very nature of a black 
hole leads it to collapse all of its 
mass and energy down to an 
indistinguishable clump and to 
smooth out all irregularities and 
asymmetries. Because everything 
becomes indistinguishable within a 
black hole, the word "mass" in this 
context actually refers to mass and 
energy. 


However, a black hole does indeed 
retain a few properties that are 
externally measurable: its overall 
mass, its overall electric charge, and 
its overall spinning rate. Note that a 
few other properties of a black hole 
such as radius and magnetic moment 
are externally measurable, at least in 
principle, but these are not 
independent parameters. In other 
words, they are directly dependent, 
and arise from, the black hole's 
mass, charge, and spin. These three 
properties are the only independent, 
externally-observable black hole 
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properties. If two isolated black 
holes had the same mass, charge, 
and spin, they would be 
indistinguishable. 


The reason that the total mass, total 
charge, and total spin of a black hole 
are measurable from outside of the 
black hole despite being internal 
properties is that they obey 
universal conservation laws. Another 
way of saying this is that these 
properties are connected to 
fundamental symmetries in space 
time and therefore affect space time 
curvature. 


We can therefore classify black holes 
according to mass, charge, and spin. 
I have already described classifying 
black holes by mass. If we just focus 
on charge and spin, we can make the 
following classification categories: 
black holes that are not spinning and 
have no net electric charge 
(Schwarzschild black holes), black 
holes that are spinning and have no 
net electric charge (Kerr black 
holes), black holes that are not 
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spinning and do have a net electric 
charge (Reissner-Nordstrom black 
holes), and black holes that are 
spinning and do have a net electric 
charge (Kerr-Newman black holes). 
In our universe, black holes are 
almost always spinning (because 
they form from spinning bodies of 
matter) and almost always have zero 
net electric charge (because of the 
tendency of electric charge to attract 
opposite types of electric charge and 


self-neutralize). Therefore, Kerr 
black holes are by far the most 
common. These concepts are 


summarized in the table below. 


Combining all of the concepts in this 
article, we see that the most 
common black holes in our universe 
are spinning, uncharged stellar-mass 
black holes and spinning, uncharged 
super massive black holes. 


Black Hole Type Name How Common 


non-spinning, uncharged Schwarzschild Black Hole rare 


spinning, uncharged Kerr Black Hole common 


non-spinning, charged Reissner-Nordstrom Black Hole rare 


spinning, charged Kerr-Newman Black Hole rare 


Traveling at high speed does not 
affect your mass, even in Einstein's 
theory of Special Relativity. For some 
reason, pre-college teachers, popular 
science books, and older physics 
textbooks claim that objects gain 
mass when they are traveling at 
higher speeds. This claim is wrong. If 
you define something called 
“relativistic mass" that is completely 
different from regular mass, then 
this claim could be made to look 
true. But doing so is very confusing 
and misleading. Today's physicists no 
longer treat the motion energy of an 
object as "relativistic mass" because 
doing so is misleading. When an 
object gains speeds, the entity that 
it gains is called "kinetic energy", 
even in Special Relativity. The total 
energy of a moving object is 
therefore its rest energy plus its 
kinetic energy. The rest energy of an 
object is contained in its mass. The 
relativistic total energy of a moving 
object is: 
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E = mc2/(1-v2/c2)1/2 


In this equation, m is the mass of the 
object (which does not change no 
matter how fast the object is 
moving), c is the speed of light, and 
v is the speed of the object. If the 
object is not moving, v = QO, then 
there is no kinetic energy and the 
total energy just equals the rest 
energy. Plugging v = O into the 
equation above, we end up with the 
famous equation 


E = mc2. The rest energy of an object 
is therefore mc2, telling us that the 
rest energy is contained completely 
in the form of mass. The kinetic 
energy EK is therefore the total 
energy minus the rest energy: 


EK = E - mc2 


EK = mc2(1/(1-v2/c2)1/2 - 1) 


This equation shows us that as the 
Speed increases, the kinetic energy 
increases, but the mass never 
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changes. In the limit that the speed 
of the object v approaches the speed 
of light in vacuum c, the kinetic 
energy becomes infinite. The law of 
conservation of energy tells us that 
to get an object traveling with 
infinite kinetic energy, we have to 
give it infinite energy. This act is 
clearly impossible as there is only a 
finite amount of energy in the 
observable universe. This facts 
means that objects with mass can 
never travel exactly at the speed of 
light in vacuum, as that state would 
require infinite energy. But objects 
can get very close to the speed of 
light. 


Mass is the property of an object 
that describes two things: 


The object's resistance to 
acceleration. Larger masses 
accelerate less when a given force is 
applied. 


The object's ability to experience 
gravity. Larger masses feel larger 
forces in a given gravitational field. 
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When an object is traveling at a high 
speed, its resistance to acceleration 
does not change and its ability to 
experience gravity does not change. 
The mass of an object therefore does 
not change when it travels at high 
speed. This fact is predicted by 
Einstein's theories and verified by 
experiment. An object can never be 
turned into a black hole, or even be 
made slightly overweight by 
Speeding it up. 


In the real universe, no black holes 
contain singularities. In general, 
singularities are the non-physical 
mathematical result of a flawed 
physical theory. When scientists talk 
about black hole singularities, they 
are talking about the errors that 


37 


appear in our current theories and 
not about objects that actually exist. 
When scientists and non-scientists 
talk about singularities as if they 
really exist, they are simply 
displaying their ignorance. 


A singularity is a point in space 
where there is a mass with infinite 
density. This would lead to a space 
time with an infinite curvature. 
Singularities are predicted to exist in 
black holes by Einstein's theory of 
general relativity, which is a theory 
that has done remarkably well at 
matching experimental results. The 
problem is that infinities never exist 
in the real world. Whenever an 
infinity pops out of a theory, it is 
simply a sign that your theory is too 
simple to handle extreme cases. 


For example, consider the simplest 
physical model that accurately 
describes how waves travel on a 
guitar string. If you drive such a 
string at its resonant frequency, the 
simplest model predicts that the 
vibration of the string will increase 
exponentially with time, even if you 
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are driving it gently. The string 
actually does this... up to a point. 
The problem is that the exponential 
function quickly approaches infinity. 
The model therefore predicts that a 
guitar string driven at its resonant 
frequency will, in time, vibrate 
passed the moon, passed the stars, 
out to infinity, and then back. Does 
the string actually vibrate infinitely 
just because the model says so? Of 
course not. The string snaps long 
before vibrating out to the moon. 
The appearance of the infinity in the 
model therefore indicates that the 
model has reached its limitations. 
The simple model of waves on a 
string is correct as long as the 
vibrations are small. To avoid the 
infinity in the equations, you need to 
build a better theory. For vibrating 
guitar strings, all you have to do is 
add to the model a description of 
when guitar strings snap. 
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As another example, consider a thin 
glass drinking goblet. If a singer 
sings a note at the right pitch, the 
goblet begins to shake more and 
more. The simplest model would 
predict that, in time, the goblet will 
be shaking infinitely. In real life, this 
does not happen. Instead, the 
singing causes the goblet to shatter 
to pieces when the shaking becomes 
too violent.Every scientific theory 
has its limitations. Within its realm 
of validity, a good theory matches 
experimental results very well. But 
go beyond the limitations of a 
theory, and it starts giving 
predictions that are inaccurate or 
even just nonsense. Physicists hope 
to one day develop a theory of 
everything that has no limitations 
and is accurate in all situations. But 
we do not have that yet. Currently, 
the best physics theories are 
quantum field theory and Einstein's 
general relativity. Quantum field 
theory very accurately describes the 
physics from the size of humans 
down to the smallest particle. At the 
same time, quantum field theory fails 
on the planetary and astronomical 
scales, and, in fact, says nothing at 
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all about gravity. In contrast, general 
relativity accurately predicts 
gravitational effects and other 
effects on the astronomical scale, 
but says nothing about atoms, 
electromagnetism, or anything on 
the small scale. Using general 
relativity to predict an electron's 
orbit around an atomic nucleus will 
give you embarrassingly bad results, 
and using quantum field theory to 
predict earth's orbit around the sun 
will likewise give you bad results. 
But as long as scientists and 
engineers use the right theory in the 
right setting, they mostly get the 
right answers in their research, 
calculations, and predictions. 
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The good thing is that general 
relativity does not overlap much with 
quantum field theory. For most 
astronomical-scale and gravitational 
calculations, you can get away with 
using just general relativity and 
ignoring quantum field theory. 
Similarly, for small-scale and 
electromagnetic calculations you can 
get away with using quantum field 
theory and ignoring general 
relativity. For example, you use just 
quantum field theory to describe 
what the atoms in the sun are doing, 
but use just general relativity to 
describe what the sun is doing as a 
whole. Many efforts are underway to 
consistently unite quantum field 
theory and general relativity into one 
complete theory, but none of these 
efforts have been fully solidified or 
confirmed by experiments. Until a 
successful theory of everything 
comes along, physicists can mostly 
get by with using both general 
relativity and relativistic quantum 
theory in a patchwork manner. This 
approach mostly works because the 
realms of validity of both theories do 
not overlap much. But this approach 
breaks down when you have an 
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astronomical object collapsed down 
to quantum sizes, which is exactly 
what a black hole . 
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A black hole forms when a massive 
star runs out of the fuel needed to 
balance out gravity, and collapses 
under its own gravity to a very small 
size. General relativity predicts that 
the star collapses to an infinitely 
Small point with infinite density. But, 
as should now be clear, such a beast 
does not really exist in the real 
world. The appearance of a black 
hole singularity in general relativity 
simply indicates that general 
relativity is Inaccurate at very small 
sizes, which we already knew. You 
need quantum field theory to 
describe objects of small sizes. But, 
quantum field theory does not 
include gravitational effects, which is 
the main feature of a black hole. This 
fact means that we will not known 
exactly what is going on in a black 
hole until scientists can successfully 
create a new theory that accurately 
describes small sizes and strong 
gravitational effects at the same 
time. Whatever the new theory ends 
up telling us, it will most certainly 
not say that there are singularities in 
black holes. If it did, that outcome 
would simply indicate that the new 
theory is just as bad as the old 
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theory. In fact, one of the 
requirements for the future theory of 
everything is that it not predict 
singularities in black holes. In this 
sense, the interiors of black holes 
are the final frontier for theoretical 
physics. Just about everything else in 
the universe can be accurately 
described (at least in principle) using 
our current theories. 


THE CENTER OF THE UNIVERSE : 
According to all current 
observations, there is no center to 
the universe. For a center point to 
exist, that point would have to 
somehow be special with respect to 
the universe as a whole. Let us think 
about all the different types of 
effects that could create a center. 


First, if an object is rotating, you can 
define a center of rotation. The 
center of rotation is the one spot on 
a rotating object that is stationary. 
For the earth, the center of rotation 
is the axis connecting the North and 
South pole. For a basketball player 
spinning a basketball on his finger, 
the center of rotation is the point 
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where the ball touches his finger. 
The center of rotation for a wheel on 
an axle is the center of the axle. 
Observations of the universe have 
not found any rotation at all to the 
universe as a whole. With no 
rotation, there is no center of 
rotation. 


Next, you can define a center of 
mass. If an object is finite, the center 
of mass is just the point that, on 
average, has an equal amount of 
mass surrounding it in all directions. 
The situation gets more complicated 
for an infinite object. If an object is 
infinite and uniform, you simply 
cannot define a center of mass 
because all points are identical. On 
the other hand, if an object is infinite 
but not uniform (for instance it has a 
single knot of high density at one 
point), you can define the center of 
mass of the entire object as the 
center of mass of the non-uniformity. 
For instance, consider a cloud in the 
sky. Certain kinds of clouds don't 
have a well-defined boundary, but 
instead just stretch out in all 
directions, getting thinner and 
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thinner. Even though the cloud 
stretches out effectively to infinity, 
the high density region of the cloud 
exists in a limited volume, so you can 
find a center of mass through a 
limiting procedure. Observations 
currently indicate that the universe 
is infinite in size. Although planets 
and stars do represent non- 
uniformities in the spacetime 
structure, on the universal scale, 
such uniformities are randomly 
dispersed. On average, therefore, 
the universe is uniform. Being 
infinite and uniform, there is no way 
to define a center of mass for the 
universe. 


Another possibility is a center of 
charge. Similar to the center of 
mass, this would be a point in an 
object where the amount of electric 
charge is on average the same in all 
directions surrounding it. The center 
of charge for a uniformly charged 
sphere would just be the center of 
the sphere. Similar to the mass 
distribution, the charge distribution 
of the universe is infinite and 
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uniform on average so that there is 
no center of charge. 


Next, there could be a center of 
curvature. Like a salad bowl, there 
could be a central point to the 
universe from which all other points 
curve away from. But current 
observations have found the 
universe to be flat and not curved at 
all. 


Yet another possibility is a center of 
expansion. If you bolt a rubber sheet 
to the ground and then have people 
pull on all sides, the place where the 
sheet is bolted becomes the center 
of expansion. The center of 
expansion is the point in space from 
which all other points are moving 
away. A wealth of astronomical 
observations has revealed that the 
universe is indeed expanding. These 
observations are the foundation for 
the concept that a Big Bang started 
the universe. Because the universe is 
expanding, if you run time 
backwards, there had to be a time 
when the universe was all compacted 
to one point. Since the universe is 
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expanding, you would think there is 
a center of expansion. But 
observations have revealed this not 
to be the case. The universe is 
expanding equally in all directions. 
All points in space are getting 
uniformly distant from all other 
points at the same time. This may be 
hard to visualize, but the key 
concept is that objects in the 
universe aren't really flying away 
from each other on the universal 
scale. Instead, the objects are 
relativity fixed in space, and space 
itself is expanding. You might be 
tempted to say that the location of 
the Big Bang is the center of the 
universe. But because space itself 
was created by the Big Bang, the 
location of the Big Bang was 
everywhere in the universe and not 
at a single point. The major 
aftereffect of the Big Bang was a 
flash of light known as the Cosmic 
Background Radiation. If the Big 
Bang happened at one location in 
Space, we would only see this flash 
of light coming from one spot in the 
sky (we can see a flash that 
happened so long ago because light 
takes time to travel through space 
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and the universal scale is so big). 
Instead, we see the flash as coming 
equally from all points in space. 
Furthermore, once the motion of the 
earth is accounted for, the flash of 
light is equally strong in all 
directions on average. This indicates 
that there is no center of expansion. 


Another way to define a center would 
be to identify some object or feature 
that exists only at one spot, such as 
a supermassive black hole or super- 
large nebula. But observations 
indicate that all types of objects are 
randomly peppered through the 
universe. 


No matter how we try to define and 
identify it, the universe simply has 
no center. The universe is infinite 
and non-rotating. Averaged over the 
universal scale, the universe is 
uniform. 


Everything in our galaxy does not 
orbit the supermassive black hole at 
the center. Everything in the galaxy 
orbits the center of mass of the 
galaxy. The supermassive black hole 
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just happens to be at the center. If 
the black hole at the center were 
removed, the galactic orbits of 
almost all objects in the galaxy 
would not change (except for the few 
Stars that are very close to the black 
hole). Our galaxy contains a lot of 
mass, which includes stars, gas, 
planets, and dark matter. The black 
hole in the center is only about one 
millionth of the total mass of our 
galaxy. Because mass causes gravity, 
and gravity causes orbits, the 
galactic orbital paths of all objects in 
the galaxy are caused by the total 
mass of the galaxy and not the mass 
of the black hole at the center. 


Consider this analogy. Three girls 
form a circle and all lock their hands 
at the center of the circle. These 
girls now run quickly and steadily 
around their circle so that they can 
feel the strain in their arms. Even 
though they can feel the centrifugal 
force pushing them outwards, they 
do not fly off because their linked 
arms pull inward. The girls are all, in 
a sense, in orbit around their 
combined center of mass. They are 
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not orbiting the gold ring on the 
finger of one of the girls, which 
happens to be at the center of their 
circle. If she took off her ring, their 
motion would not change much. The 
girls are like the objects in our 
galaxy, their linked arms are like the 
gravitational force linking everything 
together, and the gold ring is like the 
black hole. Every object in the galaxy 
is in orbit around the center of the 
combined mass of the galaxy. The 
center of mass is often called the 
“barycenter". 


In general, small bodies do not orbit 
large bodies. Instead, large and 
small bodies together orbit their 
combined center of mass. The 
textbook "Orbital Mechanics" by Tom 
Logsdon notes, "Newton also 
modified Kepler's first law by noting 
that if both of the two bodies in 
question have appreciable mass, the 
smaller body will not orbit about the 
center of the larger body. Instead, 
both of them will orbit around their 
common barycenter. A similar 
phenomenon can be observed ata 
football game. When a majorette 
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tosses her baton into the air, it does 
not rotate around the heavy end. 
Instead, the entire baton rotates 
about its center of mass." 
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3. 
CENTRIFUGAL 


you weigh less on the equator than 
at the North or South Pole, but the 
difference is small. Note that your 
body itself does not change. Rather 
it is the force of gravity and other 
forces that change as you approach 
the poles. These forces change right 
back when you return to your 
Original latitude. In short, a trip to 
the equator is not a viable long-term 
weight-loss program. 


Your weight is the combination of all 
the large-scale, long-term forces on 
your body. While the earth's gravity 
is by far the strongest large-scale 
force, it is not the only one. What 
you experience as "something 
pulling you down" is actually the 
total of all the forces and not just 
gravity. The four dominant large- 
scale, long-term forces are: 


The earth's gravity 
The sun's gravity 
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The moon's gravity 
The earth's centrifugal force 


Note that although earth's Coriolis 
force plays a major role in shaping 
hurricanes and ocean currents, since 
it is not a static force, it does not 
contribute to your overall weight. 
Also, additional forces appear when 
you ride a roller-coaster, an elevator, 
a swing, or another vehicle, but 
these forces are transient, so they 
do not contribute to your overall, 
long-term weight. Finally, 
electromagnetic and nuclear forces 
are either too small-scale, or too 
short-term to contribute to your 
overall weight. 


For our purposes, we want to 
consider the forces that differ 
Significantly at the equator versus 
the poles. While the sun's gravity is 
strong enough to keep us and the 
earth in orbit, the sun's position 
relative to a spot on the equator 
versus the poles is constantly 
changing. As a result, averaged over 
a few days, the gravitational force of 
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the sun on a spot on the equator is 
the same as the gravitational force 
of the sun on a spot on the poles. 
The same situation applies to the 
moon. This leaves only earth's 
gravity and earth's centrifugal force 
as the two forces that contribute to 
your weight differing at the equator 
versus the poles. 


As we learned in high school, earth's 
gravity is approximately constant all 
over the surface of the earth. But 
this is only an approximation. If the 
earth were perfectly spherical and if 
its density were perfectly uniform, 
then the strength of earth's gravity 
would be exactly constant at all 
points on its surface. But it's not. 
There are three major complications 
to earth's gravitational field. First 
the earth is not a sphere. The earth 
IS spinning, causing it to slightly 
flatten like a pizza crust thrown and 
spun in the air. As a result, the earth 
is an oblate spheroid and not a 
perfect sphere. If you stand at sea 
level on the equator, you are 6378 
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km from the center of the earth. In 
contrast, at each pole, you are only 
6357 km from the center of the 
earth. Since the strength of gravity 
weakens as you get farther away 
from a gravitational body, the points 
on the equator are farther and have 
weaker gravity than the poles. The 
other two complications to earth's 
gravitational field; non-uniform 
internal density and local surface 
mass variations such as mountains; 
are small enough factors that we will 
neglect them here. Therefore, 
assuming the entire mass of the 
earth is located at its center, we can 
calculate the force of earth's gravity 
at the equator and at the poles. 
Using Newton's law of gravity, we 
find that the force of earth's gravity 
on your body at the equator is 9.798 
m/s2 times the mass of your body, 
whereas at the poles it is 9.863 m/s2 
times the mass of your body. 


The earth's centrifugal force also 
varies with latitude. The centrifugal 
force is the outward force felt 
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whenever you are in a rotating 
reference frame. While the 
centrifugal force Is a non- 
fundamental force caused ultimately 
by the inertia of bodies, it is very 
real for the body in a rotating 
reference frame, such as your body 
on the surface of the rotating earth. 
The centrifugal force is proportional 
to the tangential speed of the 
rotating reference frame. The 
equator is moving quickly as the 
earth's spins, so it has a lot of 
centrifugal force. In contrast, the 
poles are not spinning at all, so they 
have zero centrifugal force. Since 
centrifugal force points outwards 
from the center of rotation, it tends 
to cancel out a little bit of earth's 
gravity. If the earth were not 
Spinning, you would be heavier as 
you would feel the full force of 
gravity. Since there is more 
centrifugal force at the equator to 
cancel gravity, your overall weight at 
the equator versus at the poles is 
even less. The centrifugal force on 
your body at the equator is 0.034 
m/s2 times the mass of your body. 
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The centrifugal force at the poles is 
zero. 


Your total weight at sea level at the 
equator (gravity minus centrifugal 
force) is therefore 9.764 m/s2 times 
your mass, whereas your weight is 
9.863 m/s2 times your mass at the 
poles. If we use a more accurate 
model (such as taking into account 
the shape of the continents) these 
numbers will be slightly different, 
but the overall point will be the 
Same: you weigh about 1% less at 
the equator than at the poles. If you 
weigh 200 pounds at the North Pole, 
you will weigh 198 pounds at the 
equator. Note that we have focused 
on the equator and the poles as the 
extremes, but the same effect 
applies to all latitudes. You weigh 
Slightly less in Mexico City than in 
New York City, as Mexico City is 
closer to the equator. 


This exaggerated illustration shows 
how the earth bulges at the equator. 
As a result, people at sea level at the 
equator are farther from earth's 
center and experience less gravity 
than people at sea level at the poles. 


SPACE SHIPS. MAKE ARTIFICIAL GRAVITY 
HOW? 


Despite the fact that outer space is 
brimming with gravity, the lack of 
solid ground in space means that 
objects without thrust are in a 
continual state of free fall, and free 
fall feels just like zero gravity. To 
Stop all objects in a space ship from 
floating around due to their free fall 
motion, you would need artifical 
gravity. In the conventional sense, 
artificial gravity connotes a system 
aboard a ship that makes all objects 
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fall to the floor and be held there as 
if they were on earth's surface, but 
still allows people to walk around 
freely. In this sense, straps my hold a 
weightless astronaut to the floor, but 
they would not quality as artificial 
gravity because they would not allow 
the astronaut to walk around. 
Similarly, magnetic belts would not 
quality as artificial gravity because 
objects that the astronaut releases 
would still float around. 


The only physically possible way to 
create a force as strong as earth's 
gravity that acts on all objects in a 
ship Is through acceleration. 
Acceleration always creates inertial 
forces. Inertial forces such as the 
centrifugal force or Coriolis force are 
very real in the accelerating 
reference frame. They are not 
imaginary or fictional, but are simply 
non-fundamental in that they arise 
from the movement of the frame 
itself. If the acceleration is held 
constant and at the right value, the 
inertial force will behave identically 
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to earth's gravity and will, in fact, be 
equivalent to earth's gravity. This 
fact is actually a basic tenet of 
General Relativity. There are two 
kinds of accelerations, rotational and 
linear. A ship could achieve artificial 
gravity by rotating about its axis. To 
be practical, the radius of rotation 
would have to be quite large. 
Additionally, a ship could create 
artificial gravity by — constantly 
accelerating forwards. Shows that 
portray artificial gravity without 
rotation or constant forward 
acceleration are simply non-physical. 
Incorrect artificial gravity is often 
used in movies because of budgeting 
concerns. It is very expensive to 
make actors sitting on earth look like 
Space voyagers floating in a space 
ship, or alternatively, to construct a 
Space ship set that is constantly 
rotating. 


Why Is The Centrifugal Force Talked 
About So Much If It's Not Real? 


The centrifugal force is very real if 
you are in a rotating reference 
frame. It causes objects in a rotating 
frame of reference to accelerate 
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away from the center of rotation. 
Washing machines, uranium 
enrichment centrifuges, and biology 
lab centrifuges all depend on the 
reality of the centrifugal force . 
However, the centrifugal force is an 
inertial force, meaning that it Is 
caused by the motion of the frame of 
reference itself and not by any 
external force. If | stand on the 
ground and watch children spinning 
on a playground toy then in my 
Stationary frame of reference their 
outward acceleration is caused 
simply by their inertia. In my frame, 
which is external to the rotating 
frame, there is no centrifugal force 
at work. But in the rotating frame of 
reference of the children, there is a 
centrifugal force. 


This oddity arises from the fact that 
forces only take on their expected 
meaning in Newton's laws when we 
are in non-rotating (inertial) 
reference frames. In rotating 
reference frames, Newton's laws 
take on a more complicated, non- 
intuitive form. But Newton's laws in 
the rotating frame can be made to 
look like the regular Newton's laws if 
we treat the extra pieces in the 
equations as inertial forces. In other 
words, the intuitive nature of pushes 


63 


and pulls in everyday life can be 
extended to rotating reference 
frames if we call the effects of the 
rotation inertial forces. The 
centrifugal force is one of these 
inertial forces. The Coriolis force is 
another one. 
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washing machine depends on the 
centrifugal force being real within 
the rotating frame of reference. 


As an analogy, consider friction. The 
force of friction is fundamentally due 
to the electromagnetic forces 
between molecules. Even though 
friction itself is not fundamental, 
that does not make it any less real. A 
block of wood sliding on the ground 
feels an opposing force that is real. 
We call it friction. In a similar way, 
the centrifugal force has very real 
effects on objects in a rotating 
reference frame and is therefore 
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real. But the centrifugal force is not 
fundamental. Rather it is caused by 
the rotation of the reference frame. 
The centrifugal force is not some 
psychological oddity humans 
experience. It affects everything ina 
rotating reference frame, not just 
the humans. The earth bulges out at 
the equator because of the 
centrifugal force. Geosynchronous 
satellites (those that hover 
constantly over the same spot on 
earth) depend on the centrifugal 
force exactly canceling gravity so 
that the satellite remains stationary 
in the earth's reference frame. The 
eye of a hurricane (the calm spot in 
the middle) is caused because the 
centrifugal force cancels the air 
pressure gradient force at that point. 
When the hurricane air that is 
spiraling inwards due to the pressure 
difference hits the point where it 
gains enough centrifugal force, it 
stops. 
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Geosynchronous satellites depend on 
their centrifugal force canceling 
gravity, SO that they hover 
motionless over the same spot on 
earth. 


66 


4.Conservation of Energy 


Can momentum be hidden to human 
eyes like how kinetic energy can be 
hidden as heat? 

yes and no. In a regular mechanical 
system with macroscopic parts, 
momentum can not be "hidden" to 
human eyes. But in other systems, 
momentum can be hidden. For 
instance, in an electromagnetic 
system, momentum can be 
transferred to the electromagnetic 
field, which is invisible to human 
eyes at most frequencies. Therefore, 
momentum can be "hidden" in the 
electromagnetic field. Let us explore 
this topic more in depth. 


Every isolated system obeys the law 
of conservation of energy which 
states that if no energy is externally 
extracted or inserted into the 
system, its total energy will remain 
constant in time. For example, 
consider two hockey pucks sliding 
towards each other on ice. If you 
sum the kinetic (motional) energy of 
both pucks before they collide, you 
will find that it equals the sum of 
both energies after they collide. We 
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can in fact use the conservation of 
energy along with some other 
information to predict what will 
happen ina simple collision like this. 


But now suppose we fire the two 
pucks directly at each other at the 
Same speed and cover their sides 
with perfect glue. What happens? Of 
course, when the pucks make 
contact, they stick together and both 
end up with zero speed, and 
therefore zero kinetic energy. This 
means that the total kinetic energy 
of the two-puck system at the 
beginning was some big number, but 
the total kinetic energy at the end 
was zero (at least according to 
human eyes). Has the glue broken 
the law of conservation of energy? 
No. If you did a careful analysis of 
this event, and measured everything 
you could think of, you would find 
that the heat (thermal energy) in the 
two pucks increases after the 
collision by the exact same amount 
as the kinetic energy that seemed to 
disappear (neglecting the friction of 
the ice). The macroscopic kinetic 
energy has therefore been converted 
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into heat. The law of conservation of 
energy still holds as long as we add 
heat as one of the things that 
contributes to the total energy. Such 
a collision ts called an inelastic 
collision. 


But what is heat? On the atomic 
level, we find that hotter substances 
have their atoms vibrating faster and 
moving around at higher speeds. 
Thermal energy is therefore just the 
kinetic energy of microscopic, 
randomly-moving particles. When 
the two pucks with glue stick 
together, their kinetic energy is not 
really converted to some mysterious 
thing called "heat". Their 
macroscopic, ordered kinetic energy 
(ordered in the sense that all the 
atoms in the puck are moving along 
with the puck as it zips across the 
ice) is simply converted to 
microscopic, random kinetic energy. 
The atoms at the surface of each 
puck smash together, get displaced, 
smash into other atoms, and so on, 
creating vibrations. Macroscopic, 
ordered kinetic energy is obvious to 
the human eye (we see the puck 
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moving), but microscopic, random 
kinetic energy is invisible to the 
human eye (we cannot directly see 
the atoms jiggling). In this sense, an 
inelastic collision causes some of the 
kinetic energy to be "hidden" from 
human eyes in the form of heat. If 
we include only the forms of energy 
visible to the human eye, glue seems 
to defeat the law of conservation of 
energy. But if we include hidden 
kinetic energy (heat), the law still 
holds. 


Now there is another law called the 
law of conservation of momentum. It 
States that the total momentum of 
an isolated system before an event 
must be equal to the total 
momentum of the system after the 
event. What is the difference 
between this law and the law of 
conservation of energy. The 
difference is that energy is just a 
number, while momentum has a 
direction. Conservation of 
momentum therefore tells us things 
like: two pucks initially traveling to 
the right that collide (say, because 
one is going faster and overtakes the 
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other) must still be traveling to the 
right after the collision. The total 
momentum of both pucks is to the 
right in the beginning, so it must be 
to the right in the end. The law of 
conservation of energy cannot tell us 
this because it says nothing about 
directions. Or similarly, if one puck 
traveling east approaches another 
puck traveling north, the total 
momentum is tn the north-east 
direction. Conservation of 
momentum tells us that after the 
collision, the total momentum must 
still be in the north-east direction. 


Since momentum obeys a 
conservation law just like energy, 
and since kinetic energy can be 
hidden from human eyes in the form 
of microscopic motion, it is natural to 
wonder whether momentum can also 
be hidden. Does the two-puck-glue 
system convert momentum to some 
hidden form upon collision, and 
therefore some momentum seems to 
get "lost" to human eyes? No. The 
reason the answer is no is because 
momentum is directional. The atoms 
do indeed jiggle faster after an 
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inelastic collision, but the total 
momentum of atoms jiggling in place 
is always zero. Put simply, when the 
atomic motion is random, for every 
atom going left there is another 
atom going right, so that their 
directionality adds to zero. Since 
momentum describes the 
directionality of motion, the 
momentum for simple thermal 
motion is zero. In order for 
momentum to not be zero, the atoms 
have to all be traveling more or less 
in the same direction. But when all 
the atoms are traveling in the same 
direction, the macroscopic object 
itself is traveling somewhere, which 
is quite visible to the human eye. 
Because momentum is directional, it 
cannot be hidden from the human 
eye in the form of random atomic 
motion. Therefore, even if we cover 
the sides of the pucks with glue so 
that they stick, the total visible 
momentum before will equal the 
total visible momentum after. This 
makes sense because if the two 
pucks are flying at each other at the 
Same speed from opposite directions 
(and have the same mass), their 
total momentum before is zero (east 
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plus the same amount of west equals 
zero), so their total momentum after 
sticking together is zero (zero plus 
zero equals zero). 


This idea extends beyond pucks 
colliding. Any macroscopic 
mechanical system cannot hide 
momentum. But, if the system has 
parts that are so small that they are 
invisible to the naked eye, and these 
parts can undergo ordered motion, 
momentum can be transferred and 
hidden in these parts. For instance, If 
a tennis ball is covered with dust 
grains that are so small you can't see 
them, when the tennis ball gets hit, 
the dust can fly off to one side and 
carry away some of the momentum. 
If we don't notice the dust, and don't 
include it in our calculations, we 
would find that some of the total 
momentum becomes hidden after 
the collision. 


"Are there also hidden forms of 
momentum-perhaps heat 
momentum?" The answer is that it Is 
very hard to hide momentum for the 
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following reasons. The random 
motions of the atoms of a body 
furnish a measure of heat energy, if 
the squares of the velocities are 
summed. This sum will be a positive 
result, having no directional 
character. The heat is there, whether 
or not the body moves as a whole, 
and conservation of energy in the 
form of heat is not very obvious. On 
the other hand, if one sums the 
velocities, which have direction, and 
finds a result that is not zero, that 
means that there is a drift of the 
entire body in some particular 
direction, and such a gross 
momentum is readily observed. Thus 
there is no random internal lost 
momentum, because the body has 
net momentum only when it moves 
as a whole. Therefore momentum, as 
a mechanical quantity, is difficult to 
hide. Nevertheless, momentum can 
be hidden-in the electromagnetic 
field, for example. 


Let us move beyond mechanical 
systems. Electromagnetic waves 
such as light or radio waves carry 
momentum. Since all 
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electromagnetic waves are invisible 
to humans except the narrow range 
of colors from red to violet, 
momentum can be hidden in the 
electromagnetic field. In practice, 
the momentum carried by 
electromagnetic waves is so small 
that you have to use very sensitive 
instruments to measure it, but in 
principle it is always there. For 
instance, if you turn on a radar gun, 
radio waves come out the front of 
the gun, carrying momentum with 
them. Because of momentum 
conservation, the radar gun itself 
must therefore recoil in the opposite 
direction when it is turned on. This 
recoil is typically too small to notice. 
But for the sake of the argument, 
Suppose we have a giant radar gun 
that emits a large amount of radio 
waves. Since radio waves are 
invisible to the human eye, all that 
we would see would be the gun jump 
backwards upon being turned on, 
clearly violating conservation of 
momentum (if we only include visible 
momentum). We would therefore 
conclude (and rightly so), that there 
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must be momentum hidden 
somewhere. In this way, momentum 
can be "hidden" in the 
electromagnetic field. Although, it is 
really only hidden to human eyes. 
We can detect radio waves just fine 
with an antenna. 


can we travel to the past? 


Mainstream science dictates that 
time travel to the past is impossible. 
The basic problem with time travel to 
the past is conservation of energy. 
For example, pretend I made a time 
travel portal that sends objects back 
three seconds in time to the exact 
same location, and I mount this 
portal a few inches above a 
trampoline. | turn the portal on and 
one second later drop a charged 
battery into the portal. It falls, 
appears three seconds earlier, 
before the portal was turned on, and 
bounces off the trampoline to a point 
above the portal. Three seconds 
later, there | am dropping the 
original battery and next to it is the 
battery that time traveled and 
bounced. The portal turns on and 
both batteries now fall through the 
portal. The cycle repeats itself 
automatically without human 
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intervention. All | had to do was turn 
on the portal and drop the first 
battery. Two batteries become four, 
which become eight, and so on. A 
businessman might say, "Great! Free 
batteries. Let's sell them and make a 
fortune!" But the point is that once | 
flick on the portal and drop the first 
battery, the rest is entirely 
automatic. This means there would 
be no way to stop it. Keep in mind 
that this chain reaction is not 
happening at progressively later 
points in time. It is all happening in 
the same three-second loop of time. 
That one battery would instantly 
become an infinite number of 
batteries. They would fill the entire 
universe, crush us to death, and 
explode with all of this runaway 
energy. 


The law of local conservation of 
energy is universal, and it's a good 
thing. It's what keeps our universe 
from exploding in an instant into an 
infinite fireball of energy. It's also 
what rules out time travel to the 
past. If the presence of a human in 
our scenario bothers you, we could 
do without him. We could just as 
easily have an acorn fall from a tree 
through a three-second time-travel 
portal created by a cosmic ray and 
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bounce off the trampoline without 
any humans around. The explosion of 
the universe would still occur. The 
fact that the universe is still around 
is ample evidence that time travel to 
the past is impossible. Note that we 
have not used any ethical or social 
arguments involving killing your own 
grandfather. Time travel to the past 
is forbidden by simple physics even 
in the absence of humans. While 
movies about time travel to the past 
can be creative and thought- 
provoking, they are simply wrong. 
There are many speculative theories 
about time travel to the past, some 
made by respected physicists, but 
mainstream physics does not allow 
it. 

On the other hand, time travel to the 
future is allowed and indeed has 
been measured experimentally. 
Relativity dictates that the rate of 
the forward march of time is 
dependent on both the speed of your 
reference frame as well as the 
strength of the gravitational field in 
your frame. We can travel into the 
future by either spending time ina 
vehicle traveling very fast relative to 
earth or by spending time in a very 
strong gravitational field. In both 
cases, time travel does not allow 
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Skipping to some future time. All 
reference frames must experience all 
seconds in the day. Rather, time just 
goes slower in such reference 
frames. If your local time runs fast 
on account of high speed or gravity, 
you can experience an hour while 
earth experiences two. Such time 
travel is verified experimentally 
every day by equipment that deal 
with precise time measurements, 
such as GPS satellites. 
Unfortunately, the time dilation 
effect is very weak. The highest 
speeds and strongest gravity that 
men can currently attain only 
transports them milliseconds into 
the future. 


Free energy machines do not work. 
No machine can create energy out of 
nothing, as this would violate the law 
of mass-energy conservation, which 
is fundamental and universal. The 
law of mass-energy conservation 
states that mass-energy can never 
be created or destroyed. It can only 
be redistributed throughout space 
and transformed into different 
states. Mass can be converted to 
energy, and energy can be converted 
to mass, but together they must be 
conserved. For instance, when a 
positron from the tracer liquid of a 
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medical PET scan hits an electron in 
the patient's body, the positron and 
electron completely destroy each 
other and all of their mass is 
converted into energy. This energy Is 
emitted as two gamma particles 
(high energy light) that fly off in 
nearly opposite directions. The PET 
machine detects the gamma rays, 
uses them to pinpoint the location of 
the positron-electron annihilation 
event, and therefore discovers where 
in the patient's body the tracer liquid 
is congregating. Nuclear bombs and 
nuclear reactors also convert mass 
to energy, but the conversion is very 
inefficient and only a fraction of the 
bomb's mass is converted to energy. 
Mass is also converted to energy 
during radioactive decay. 
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PET medical scanners depend 
crucially on the law of conservation 
of mass-energy holding true. Public 

Domain Image, source: NIH. 


In contrast, energy is converted to 
mass in particle accelerators such as 
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the LHC. In particle accelerators, 
large tracks of magnets speed up 
particles such as electrons and 
protons to incredible speeds. The 
particles have therefore gained a 
high amount of kinetic energy from 
the magnets. The particles are then 
guided to collide with a stationary 
target (or collide with other particles 
that have been accelerated in the 
opposite direction). Upon collision, 
the kinetic energy is lost because the 
particles are stopped. But energy 
cannot just be destroyed; it must go 
somewhere. As a result, the energy 
is converted to mass and hundreds 
of new particles are created in the 
collision. These new particles are 
detected and give physicists clues 
about what types of particles can 
exist. Every time a particle 
accelerator is used, a nuclear reactor 
is turned on, or a medical PET scan is 
taken, the conservation of mass- 
energy is experimentally verified. In 
fact, the energy taken in or given off 
by ordinary chemical reactions 
results from the transformation of 
energy to mass and mass to energy. 
In chemical reactions, the mass of 
the system before the reaction is 
different from the mass of the 
system after the reaction. The mass 
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difference is miniscule, but 
measurable, and is the source of the 
energy. Because of this fact, every 
chemical experiment ever done Is a 
validation of the conservation of 
mass-energy. Out of all the 
scientifically-sound, repeatable 
experiments ever performed, a 
violation of the conservation of 
mass-energy has never been 
observed. If the law was broken, and 
energy was created out of nothing, 
then the first place it would be 
observed would be in particle 
accelerators. Particle accelerators 
have huge stacks of sensitive 
detectors that can track the 
movement of every last bit of mass 
and energy in the system; electrons, 
protons, photons, etc. Additionally, 
the accelerators pump incredible 
amounts of energy into the particles, 
so that exotic and rare phenomena 
are readily observable. If a bit of 
energy did appear that was 
unaccounted for, the detectors 
would see it, but they never have. 


Beyond overwhelming experimental 
verification, the law of conservation 
of mass-energy is required by 
theory. If energy could pop into 
existence out of nothing, then in 
such a big, old universe, 
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energy would eventually pop out of 
nothing. With the limiting 
mechanism of conservation out of 
the way, the energy that pops out of 
nothing could be as large as infinite. 
As the age of the universe becomes 
large, the probability that an infinite 
energy will pop out of nothing would 
become 100%. The problem is that 
an infinite energy (or even a non- 
infinite one that is large enough) 
would destroy our universe. The fact 
that our universe is still around is 
direct evidence that the law of 
conservation of mass-energy is 
fundamental and universal. If this 
law applied on earth, but not on 
Alpha Centauri, then infinite energy 
would pop out of nothing on Alpha 
Centauri and destroy the universe. 
The universality of mass-energy 
conservation is literal and strict. 
People who believe in free energy 
machines must also logically believe 
that the universe does not exist. 


Proponents of free energy may argue 
that conservation of mass-energy 

is usually obeyed, but can be broken 
in exotic experiments. The center of 
stars and supernova are far more 
exotic environments than a 
tinkerer's basement. Violation of 
mass-energy conservation would be 
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observed far sooner and far more 
easily in a star than in an inventor's 
table-top contraption. And yet, it has 
never been observed. Free energy 
can be tempting to people who want 
something for nothing. If you could 
build a machine that created energy 
out of nothing, then you could sell 
the energy and everyone would get 
rich without ever doing any work. 


Free energy machines that seem like 
they should work are always the 
product of wishful thinking and 
sloppy science. If you build a 
machine and underestimate the 
amount of mass-energy you have to 
put into the machine to get it going, 
and overestimate the amount of 
mass-energy it will output once 
going, then your calculations predict 
that mass-energy has been created 
out of nothing. But this end result 
came from poor estimations, and not 
from ground-breaking science. Most 
people who "feel" like a certain free 
energy machine should work simply 
don't grasp how much mass-energy 
it takes to get the machine going. 
For instance, magnetic free energy 
machines are essentially spinning 
electromagnetic motors. The 
machine is plugged into an electrical 
source, which gets the motor's wheel 
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spinning. The machine ts then 
unplugged and the wheel keeps 
spinning under its own inertia. Then 
electrical energy is extracted from 
the spinning wheel. This energy was 
not created out of nothing. It was 
put in the wheel by the original 
electrical power inputted to the 
motor. The electric power extracted 
from the wheel in the end will always 
be less than the electrical power put 
into the wheel in the first place. 
Energy is simply converted from 
electrical to kinetic (the spinning 
motion of the wheel is a form of 
energy), and then back to electrical, 
while some of the energy is 
converted to waste heat due to 
friction. When the inventor of a "free 
energy’ or "over unity" machine 
claims that his invention really 
creates energy out of nothing, he is 
either deluding himself or is outright 
lying to take advantage of others. 
The self-delusion usually happens 
because the inventor does not 
realize the large amount of external 
energy he has put into his machine 
to turn it on, which ts more than he 
could ever get out. A straight- 
forward measurement of all the 
energy being inputted to his machine 
and all the energy being outputted 


85 


would quickly reveal no actual free 
energy. But doing real science is 
hard, so countless "inventors" tinker 
in their garage and think that "pretty 
spinning wheel" = "free energy" 
without doing any actual 
measurements. For those who do 
take actual measurements, they 
think they are always just one step 
behind from reaching over-unity 
performance; believing that adding 
just one more complicated gadget to 
their machine will put them over the 
top, when in fact they never actually 
reach a free-energy result. 


Consider a canal of water that flows 
through a turbine. The turbine 
generates electricity. The electricity 
is then used to pump all of the water 
from the bottom of the canal to the 
top of the canal where it can enter 
into the turbine again and repeat the 
cycle. This seems like a closed 
system that could run forever and 
continually output electricity; it's 
free energy! But if you actually do 
measurements or calculations, you 
will find that the electrical energy 
generated by the turbines will never 
be enough to pump all the water 
back to the top of the canal. It would 
require externally provided energy 
to get the water back to the top and 
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thereby run continuously. But at that 
point, it's not a a free energy 
machine. It's just a complicated 
wheel running on external power. 
River turbines do extract energy 
from rivers, but this energy does not 
come out of nowhere. The river 
water gained its gravitational 
potential energy when it was placed 
at the river head by the evaporation- 
precipitation process. River water 
was once ocean water that absorbed 
sunlight energy from the sun and 
converted it to gravitational 
potential energy as it evaporated. 
The energy outputted by the sun 
results from mass being converted to 
energy in its core. The mass of the 
sun was created by slow 
accumulation of intergalactic dust 
that was created by the Big Bang. 
Because mass-energy cannot be 
created or destroyed, every bit of 
mass-energy in the universe can be 
traced back to its creation in the Big 
Bang. Real river turbines don't 
generate energy from nothing. They 
are simply extracting energy created 
by the Big Bang and converting it to 
a useful form. 


Some people misunderstand vacuum 
energy and believe it is a form of 
free energy that can be extracted. 
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An absolute vacuum indeed 

contains quantum fluctuations, but 
these do not constitute usable 
energy. The effects of vacuum 
energy are already factored into 
everyday reactions. In the strict 
sense, you are already using the 
effects of vacuum energy every time 
you light a candle or drive your car, 
but there is still no permanent 
removal of energy from the vacuum. 
Every particle is "dressed" or 
surrounded by a cloud of quantum 
fluctuations in addition to its regular 
fields. If you were somehow to 
remove the cloud, the particle would 
be left naked and would interact very 
differently with the world. The mass- 
energy gained by removing the cloud 
would cancel the mass-energy lost 
by changing the way the particle 
interacts with the world, so in the 
end mass-energy would still be 
conserved. You would still end up 
with the total energy created from 
nothing equaling zero. For instance, 
in the Casimir effect, two plates are 
placed very close together so that 
the cloud of quantum fluctuations in 
between the plates is less dense 
than the cloud surrounding the 
plates. As a result, the plates attract 
each other. It would seem that this 
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effect extracts energy from nothing. 
In reality, the energy that comes out 
of the system in the form of moving 
plates comes from the particles in 
the plates. As their cloud of quantum 
fluctuations changes, they lose 
mass. Even quantum fluctuations 
obey the law of conservation of 
mass-energy. 


Historically, free energy machines 
were called "perpetual motion" 
machines. This name is confusing 
because perpetual motion is 
possible, you just can't extract free 
energy from an object in perpetual 
motion. The earth is in perpetual 
motion as it repeatedly orbits the 
sun. If we were to build a giant 
generator and extract a large portion 
of the energy contained in the 
earth's orbital motion, it would 
destroy the orbit and the earth 
would spiral into the sun. From a 
socioeconomic perspective, it should 
also be obvious that free-energy 
machines don't work. If a free-energy 
machine actually worked, it would 
make its inventor instantly rich. If 
such free-energy machines were 
possible, high-tech corporations such 
as Intel or Apple would pursue them 
because they would literally yield an 
infinite return on investment. And 


89 


yet, no big-name technology 
company sells free-energy machines, 
or is even researching their 
possibility. Corporations know that 
reading up on, researching, or 
developing free energy machines Is a 
futile waste of time and energy that 
is better diverted to more productive 
channels. 


Mass is not conserved in chemical 
reactions. The fundamental 
conservation law is the conservation 
of mass+energy. This means that the 
total mass plus energy before a 
reaction equals the total 

mass plus energy after the reaction. 
According to Einstein's famous 
equation, E = mc, mass can be 
transformed into energy and energy 
can be transformed into mass. This is 
not some exotic process, but tn fact 
happens every time there Is a 
reaction or a physical process that 
releases or absorbs energy. Mass is 
therefore never conserved ina 
chemical reaction because a little bit 
of it turns into energy (or a little bit 
of energy turns into mass). But 
mass+energy is always locally 
conserved. Energy cannot be created 
out of nothing. It can only be created 
by destroying the appropriate 
amount of mass according 
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to E= mc. Between mass and 
energy, energy is the more 
fundamental property. In fact, 
modern physicists just consider mass 
as one particular type of energy 
which they call rest energy. For this 
reason, they don't usually call it the 
“Law of Conservation of 
Mass+Energy" but rather simply call 
it the "Law of Conservation of 
Energy’ with the implication that this 
statement includes the mass type of 
energy. With this in mind, the 
equation E = mc is really saying that 
the mass form of energy (i.e. rest 
energy) is indeed a type energy that 
can be converted to other forms of 
energy, and that other forms of 
energy can be converted to the mass 
form of energy. 


With that said, chemists have a good 
reason for pretending that mass is 
conserved in chemical reactions. For 
chemical reactions, only one billionth 
to one trillionth of the mass is 
converted to energy and vice versa. 
This means that your equipment 
would have to be able to accurately 
measure mass out to about ten 
Significant figures in order to detect 
the change in mass of a system 
undergoing a chemical reaction. 
Most equipment can't do this. 
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Therefore, for all practical purposes, 
we can pretend that mass is exactly 
conserved in chemical reactions. In 
other words, mass conservation is an 
extremely accurate approximation 
for chemical reactions. 


The principle that mass is never truly 
conserved in chemical reactions is 
basic, established, mainstream 
physics; and has been for over a 
hundred years. However, from my 
experience, most people outside of 
physics either do not know this 
principle or refuse to believe it. 
Amazingly, over the years, I have 
received several ardent messages 
from highly-educated chemists trying 
to convince me that | am wrong and 
that mass really is conserved in 
chemical reactions. The 
approximation that mass Is 
conserved in chemical reactions Is so 
useful in practice and so ingrained in 
chemistry that even some of the 
most advanced chemists believe that 
it is exactly true at the fundamental 
level. However, it is common 
knowledge in physics that there is no 
fundamental law of conservation of 
mass, even in chemical reactions. 


It's a common mistake to think that 
although nuclear processes... involve 
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changes in mass, chemical processes 
like burning something or dissolving 
salt in water don't. In fact both types 
of processes change a system's 
energy and thus its mass. The 
difference is that nuclear processes 
are governed by the strong nuclear 
force while chemical processes are 
governed by the electromagnetic 
force. The strong force, as you might 
guess, is stronger. So when oxygen 
and hydrogen combine to make 
water, the changes in their potential 
and kinetic energy change their total 
mass by less than one part ina 
billion. In nuclear reactions, 
however, these changes in mass can 
be on the order of 1%. 


In nuclear reactions (which are 
changes to the nucleus of atoms), 
there is enough energy released or 
absorbed that the change in mass is 
Significant and must be accounted 
for. In comparison, chemical 
reactions (which are changes to only 
the electrons in atoms) release or 
absorb very little energy so that the 
change in mass of the system Is so 
Small that it can be almost always 
ignored. As a perfectly reasonable 
and useful approximation, therefore, 
chemists can speak of the 
conservation of mass and use it to 
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balance equations. But strictly 
speaking, the change in mass of the 
system during a chemical reaction, 
though small, is never zero. If the 
change in mass were exactly zero, 
there would be no where for the 
energy to come from. Chemistry 
textbooks like to speak of "chemical 
potential energy", "bond energy", 
and "internal energy" and talk as If 
the energy released in a reaction 
comes from the potential energy or 
from energy stored in the bonds. 
However, fundamentally, all internal 
forms of energy exist in the form of 
mass. There is not some magical 
bucket of potential energy in an 
atom or in chemical bonds from 
which a reaction can draw. There is 
just mass. 


There are four general types of basic 
reactions: 


1. The breaking of bonds, which 
always absorbs energy from the 
external environment and increases 
the system's mass. 

2. The formation of bonds, which 
always releases energy to the 
external environment and 
decreases the system's mass. 

3. The transformation of existing 
bonds which ts really the excitation 
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of the system to different states 
(which always absorbs energy and 
increases the system's mass) and 
de-excitation of the system to 
different states (which always 
releases energy and decreases the 
system's mass). 

4. The creation of particles with 
mass (which always absorbs energy 
and increases the system's mass) 
and the annihilation of particles 
with mass (which always releases 
energy and decreases the system's 
mass). 


Note that the phrase "external 
environment" in the statements 
above is used in a broad sense and 
refers to everything else besides the 
bond that is being changed or the 
particles that are being created and 
annihilated. In this sense, some 
other part of the atom or molecule 
could be the "external environment", 
i.e. the agent that is supplying 
energy to break or excite a bond or 
absorbing energy to create or de- 
excite a bond. 


To be clear, when a chemical 
reaction absorbs energy and 
therefore gains mass, no new atoms 
are created. The total number of 
atoms before the reaction is the 
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same as the total number of atoms 
after the reaction. Furthermore, the 
total number of atoms of each 
element does not change in a 
chemical reaction. In other words, 
the total number of oxygen atoms 
before a chemical reaction is the 
same as the total number of oxygen 
atoms after the reaction, and the 
Same goes for every other element. 
If the total number of atoms of a 
particular element in a closed system 
changes, you have a nuclear reaction 
and not a chemical reaction, by 
definition. Although no new atoms 
are created and no existing atoms 
are destroyed in chemical reactions, 
the mass of the system still does 
indeed change. How is this possible? 


The extra mass Is held in the system 
as a whole. I know this ts hard to 
visualize, but in addition to the 
particles of which a system is made, 
the states of these particles also 
contribute to the system's mass. 
Specifically, the more of an excited 
State that a particle is in, the more 
its state contributes to the system's 
mass. This concept is similar to the 
classical physics concept of potential 
energy, but we now know that the 
potential energy, and every other 
form of internal enegy, is 
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fundamentally stored as mass. This 
is not just clever wording, baseless 
theoretical musings, or cunning 
book-keeping. Mass is a physically- 
measurable property. The changes in 
mass arising from reactions have 
been verified experimentally. 
Experimental evidence forces us to 
conclude that all internal forms of 
energy contribute to a system's 
mass, no matter how strange this 
sounds. The table below shows you a 
wide range of physical processes 
that convert mass to energy. 


Percent of Mass 


Biel ina Converted to Energy 


Antimatter reaction 
s 100% 
(electron+positron to y+y) 


Hydrogen nuclear fusion 0.7% 


Uranium nuclear fission 0.08% 


Methane combustion 0.00000001% 


One liter of water cooling from 30° C to 20° C 0.00000000005% 


One trampoline spring relaxing that was stretched 1 cm 0.00000000000000007% 
longer than its relaxed length 


In everyday life, antimatter reactions 
mostly arise from radioactive decay. 
In fact, there is an extremely small 
number of antimatter reactions 
happening in your body right now, 
which are mostly arising from 
naturally radioactive potassium 
atoms. Hydrogen nuclear fusion is 
what releases energy in typical stars, 
in hydrogen nuclear bombs, and in 
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fusion reactors. Uranium nuclear 
fission is what releases energy in 
uranium nuclear bombs and in 
uranium nuclear reactors. Methane 
combustion ts what happens when 
you burn natural gas, such as ina 
natural gas power plant, in a stove, 
or in a household water heater. As 
you can see from this table, chemical 
reactions involve extremely small 
amounts of mass being created or 
destroyed, and therefore 
conservation of mass in chemical 
reactions is an excellent 
approximation. 
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5. CONSERVATION OF MOMENTUM 


Momentum can be thought of as an 
object's ability to push another 
object due to its motion. Classically, 
momentum is defined as the mass of 
the object times the velocity of the 
object, p = mv. Since light has no 
mass, you may be tempted to say 
that light has no momentum. 
Additionally, everyday experiences 
may seem to confirm that light has 
no momentum (sunlight does not 
knock over soda bottles like 
baseballs do). However, light does 
indeed carry momentum in the form 
of energy. In fact, for photons (the 
smallest bits of light), the 

energy E and momentum p are 
related by the simple 

equation E = pc, where c is the speed 
of light. The momentum that light 
carries is SO small that we don't 
notice it in everyday life. We do not 
get knocked over when we turn on 
light bulbs, and the light from 
candles does not make the curtains 
sway. But the momentum of light is 
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large enough to be measurable, and 
can in fact be used in certain 
applications. For instance, laser 
cooling machines shoot a sample 
from all directions with laser light in 
order to use the laser light's 
momentum to slow down the atoms 
in the sample, thereby cooling it. In 
optical traps, also called optical 
tweezers, the momentum of the light 
is used to trap and manipulate small 
objects. Solar sails on space probes 
catch sunlight and use its 
momentum to propel the probe 
forward. 


Interestingly, light always travels at 
the same speed in vacuum, and can't 
go any slower in vacuum. Unlike a 
baseball, light loses momentum by 
lowering its frequency rather than by 
lowering its speed. The fact that 
light carries momentum has 
profound effects on particle 
interactions because of the law of 
conservation of momentum. For 
instance, if an electron and a 
positron fly at each other from 
opposite directions with equal 
speeds, their total momentum is 
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zero. After the particles annihilate 
each other and convert their mass 
totally to energy, they must turn into 
something that has zero total 
momentum. A single photon would 
not do, as it carries momentum. But 
two photons traveling in opposite 
directions would add up to zero total 
momentum (because they are 
traveling in opposite directions). For 
this reason, electron-positron 
annihilation events always create 
two photons traveling in opposite 
directions, and not just one. This fact 
is used in medical positron emission 
tomography (PET) scans to image 
human tissue. The patient is given a 
radioactive drink. When the 
radioactive chemicals decay in the 
body, they emit positrons. Each 
positron annihilates an electron in 
the patient's body, creating two 
photons traveling in opposite 
directions. The machine detects 
these two photons, and can use their 
direction and timing to pinpoint 
where they were created and where 
the drink is therefore congregating. 
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Light has no mass so it also has no 
energy according to Einstein, but 
how can sunlight warm the earth 
without energy? 


Light indeed carries energy and 
accomplishes this without having any 
mass. The Einstein equation that you 
are probably referring to is E = mc. 
This equation ts actually a special 
case of the more general equation: 


E = pe + me 


In the above equation, E is the total 
energy of the particle, pis the 
momentum of the particle (which is 
related to its motion), cis the speed 
of light, and mis the mass of the 
particle. This equation can be 
derived from the relativistic 
definitions of the energy and 
momentum of a particle. The above 
equation tells us that the total 
energy of a particle is a combination 
of its mass energy and its 
momentum energy (which is not 
necessarily related to its mass). 
When a particle is at rest (p = 0), 
this general equation reduces down 
to the familiar E = mc. In contrast, 
for a particle with no mass (m = 0), 
the general equation reduces down 
to E = pc. Since photons (particles of 
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light) have no mass, they must 
obey F = pc and therefore get all of 
their energy from their momentum. 


Now there is an interesting 
additional effect contained in the 
general equation. If a particle has no 
mass (m = 0) and is at rest (p= 0), 
then the total energy is zero (E = 0). 
But an object with zero energy and 
zero mass is nothing at all. 
Therefore, if an object with no mass 
is to physically exist, it can never be 
at rest. Such is the case with light. 
Furthermore, if the object travels at 
some speed v that is less than the 
universal speed limit c, we can 
always choose a reference frame 
traveling along with the object so 
that the object will be at rest in this 
reference frame. Therefore, an 
object that can never be at rest must 
always travel at the universal speed 
limit c, because this speed has the 
interesting property that once an 
object goes a speed cin one 
reference frame, it goes the speed c 
in all reference frames. In summary, 
all objects with no mass can never be 
at rest and must travel at speed cin 
all reference frames. Light is such an 
object, and the universal speed 

limit c is named the speed of light in 
its honor. But light is not the only 
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massless object. Gluons and the 
hypothetical gravitons are also 
massless, and therefore travel at 
speed cin all frames. 


How can an object have momentum 
without mass? It can do this if itis a 
wave. A wave transports momentum 
via its waving motion and not by 
physically transporting an object 
with mass. "Momentum" is the 
directional property of an object in 
motion that describes its ability to 
influence another object upon 
impact. An object with high 
momentum (such as a truck) can 
greatly influence the object it 
collides with (such as a barrel). Ifa 
giant water wave collides with a 
barrel, it can also influence the 
barrel to move. The water wave 
therefore carries momentum even 
though it has no mass. The water 
itself has mass, but the wave has no 
mass. A water wave is not a packet 
of water traveling along. In fact, the 
water that the wave is traveling 
through stays more or less in one 
place. Rather, the wave is a rippling 
domino-effect of motion. As another 
example, consider a long jump rope 
held taut at both ends by two girls. If 
one girl shakes her end of the rope 
violently enough to send a wave 
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down the rope to the other girl, the 
wave can jerk the other girl. The 
rope has not transported any mass, 
but it still carries momentum 
through its waving motion. In this 
way, waves can have no mass but 
still carry momentum. In addition to 
being a particle, light is also a wave. 
This allows it to carry momentum, 
and therefore energy, without 
having mass. 
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6. ELECTRICITY 


The speed of electricity really 
depends on what you mean by the 
word "electricity". This word is very 
general and basically means, "all 
things relating to electric charge". | 
will assume we are referring to a 
current of electrical charge traveling 
through a metal wire, such as 
through the power cord of a lamp. In 
the case of electrical currents 
traveling through metal wires, there 
are three different velocities 
present, all of them physically 
meaningful: 


1. The individual electron velocity 
2. The electron drift velocity 
3. The signal velocity 


In order to understand each of these 
speeds and why they are all different 
and yet physically meaningful, we 
need to understand the basics of 
electric currents. Electric currents in 
metal wires are formed by free 
electrons that are moving. In the 
context of typical electric currents in 
metal wires, free electrons can be 
thought of as little balls bouncing 
around in the grid of fixed, heavy 
atoms that make up the metal wire. 
Electrons are really quantum 
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entities, but the more accurate 
quantum picture is not necessary in 
this explanation. (When you add in 
quantum effects, the individual 
electron velocity becomes the "Fermi 
velocity".) The non-free electrons, or 
valence electrons, are bound too 
tightly to atoms to contribute to the 
electric current and so can be 
ignored in this picture. Each free 
electron in the metal wire is 
constantly flying in a straight line 
under its own momentum, colliding 
with an atom, changing direction 
because of the collision, and 
continuing on in a straight line again 
until the next collision. If a metal 
wire is left to itself, the free 
electrons inside constantly fly about 
and collide into atoms in a random 
fashion. Macroscopically, we call the 
random motion of small particles 
"heat". The actual speed of an 
individual electron is the amount of 
nanometers per second that an 
electron travels while going ina 
Straight line between collisions. A 
wire left to itself carries no electric 
Signal, so the individual electron 
velocity of the randomly moving 
electrons is just a description of the 
heat in the wire and not the electric 
current. 
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Now, if you connect the wire to a 
battery, you have applied an 
external electric field to the wire. 
The electric field points in one 
direction down the length of the 
wire. The free electrons in the wire 
feel a force from this electric field 
and speed up in the direction of the 
field (in the opposite direction, 
actually, because electrons are 
negatively charged). The electrons 
continue to collide with atoms, which 
still causes them to bounce all 
around in different directions. But on 
top of this random thermal motion, 
they now have a net ordered 
movement in the direction opposite 
of the electric field. The electric 
current in the wire consists of the 
ordered portion of the electrons' 
motion, whereas the random portion 
of the motion still just constitutes 
the heat in the wire. An applied 
electric field (such as from 
connecting a battery) therefore 
causes an electric current to flow 
down the wire. The average speed at 
which the electrons move down a 
wire is what we call the "drift 
velocity". 


Even though the electrons are, on 
average, drifting down the wire at 
the drift velocity, this does not mean 
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that the effects of the electrons' 
motion travels at this velocity. 
Electrons are not really solid balls. 
They do not interact with each other 
by literally knocking into each 
other's surfaces. Rather, electrons 
interact through the electromagnetic 
field. The closer two electrons get to 
each other, the stronger they repel 
each other through their 
electromagnetic fields. The 
interesting thing is that when an 
electron moves, its field moves with 
it, so that the electron can push 
another electron farther down the 
wire through its field long before 
physically reaching the same 
location in space as this electron. As 
a result, the electromagnetic effects 
can travel down a metal wire much 
faster than any individual electron 
can. These "effects" are fluctuations 
in the electromagnetic field as it 
couples to the electrons and 
propagates down the wire. Since 
energy and information are carried 
by fluctuations in the 
electromagnetic field, energy and 
information also travel much faster 
down an electrical wire than any 
individual electron. 


The speed at which electromagnetic 
effects travel down a wire is called 
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the "signal velocity", "the wave 
velocity", or "the group velocity". 
Note that some books insinuate that 
the signal velocity describes a purely 
electromagnetic wave effect. This 
insinuation can be misleading. If the 
Signal traveling down an electric 
cable was an isolated 
electromagnetic wave, then the 
Signal would travel at the speed of 
light in vacuum c. But it does not. 
Rather, the signal traveling down an 
electric cable involves an interaction 
of both the electromagnetic field 
fluctuations (the wave) and the 
electrons. For this reason, the signal 
velocity is much faster than the 
electron drift velocity but is slower 
than the speed of light in vacuum. 
Generally, the signal velocity is 
somewhat close to the speed of light 
in vacuum. Note that the "signal 
velocity" discussed here describes 
the physical speed of 
electromagnetic effects traveling 
down a wire. In contrast, engineers 
often use the phrase "signal speed" 
in a non-scientific way when they 
really mean "bit rate". While the bit 
rate of a digital signal traveling 
through a network does depend on 
the physical signal velocity in the 
wires, it also depends on how well 
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the computers in the network can 
route the signals through the 
network. 


Consider this analogy. A long line of 
people is waiting to enter a 
restaurant. Each person fidgets 
nervously about in their spot tn line. 
The person at the end of the line 
grows impatient and shoves the 
person in front of him. In turn, when 
each person in the line receives a 
shove from the person behind him, 
he shoves the person in front of him. 
The shove will therefore be passed 
along from person to person, 
forwards through the line. The shove 
will reach the restaurant doors long 
before the last person in line 
personally makes it to the doors. In 
this analogy, the people represent 
the electrons, their arms represent 
the electromagnetic field, and the 
shove represents a fluctuation or 
wave in the electromagnetic field. 
The speed at which each person 
fidgets represents the individual 
electron velocity, the speed at which 
each person individually progresses 
through the line represents the 
electron drift velocity, and the speed 
at which the shove travels through 
the line represents the signal 
velocity. Based on this simple 
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analogy, we would expect the signal 
velocity to be very fast, the 
individual velocity to be somewhat 
fast, and the drift velocity to be 
slow. (Note that in physics there is 
also another relevant speed in this 
context called the "phase velocity". 
The phase velocity is more of a 
mathematical tool than a physical 
reality, so | do not think it is worth 
discussing here). 


The individual electron velocity in a 
metal wire is typically millions of 
kilometers per hour. In contrast, the 
drift velocity is typically only a few 
meters per hour while the signal 
velocity is a hundred million to a 
billion kilometers per hour. In 
general, the signal velocity is 
somewhat close to the speed of light 
in vacuum, the individual electron 
speed is about 100 times slower than 
the signal velocity, and the electron 
drift speed is as slow as a snail. 


Why do car tires protect you from 
lightning strikes? 


Car tires do not protect you from 
lightning strikes. Although the 
rubber in a tire acts as an 

insulator at low voltages, the voltage 
in a lighting bolt is far too high to be 
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stopped by tires or air. No matter 
how thick your tires are, they don't 
stop lightning according to physicist 
Martin Uman in his book "All About 
Lightning". Dr. Uman states that 
inside a car can be a safe place to 
wait out a lighting storm, but it's not 
because any materials are blocking 
the lightning. Rather, if the car is 
struck by lightning, its metal frame 
redirects the electrical current 
around the sides of the car and into 
the ground without touching the 
interior contents. The ability of a 
hollow conducting object to protect 
its interior from electrical fields and 
currents is one of the fundamental 
principles of electromagnetics. Such 
an object is called a Faraday cage. 
For this reason, riding around in a 
convertible, on a motorbike or on a 
bicycle during a lightning storm is a 
bad idea, no matter what kind of 
tires it has. If you are in a fully- 
enclosed metal vehicle, you should 
be protected from the lighting by the 
Faraday-cage effect. However, you 
should still park the vehicle and wait 
out the storm since a lightning strike 
can blow out your tires or blow out 
your vehicle's electronic control 
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circuits, potentially causing you to 
crash if you are driving. If you are 
riding in a convertible or roofless 
vehicle, on a motorbike, or ona 
bicycle and are caught in a lightning 
storm, you should quickly seek out 
the nearest shelter. If a building, 
tunnel, or other large sheltering 
structure is not readily available, 
seek out a low point in the terrain 
away from water, away from isolated 
trees, and away from other tall 
structures (e.g. windmills, power-line 
towers). 
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7. GRAVITY 


SPEED OF GRAVITY: 


Gravity travels at the speed of light 
in vacuum. Let's look ata 
hypothetical situation to see what 
this means. The earth is held in its 
orbit about the sun by the sun's 
gravity. What if the sun suddenly 
disappeared, along with its light and 
gravity? As should be obvious, the 
earth would go dark and would 
slingshot out of the solar system. 
But when would the earth stop 
feeling the sun's gravity and tumble 
out of its orbit? Would it happen at 
the exact same instant that the sun 
disappeared? Would it happen some 
time after the sun disappeared but 
before the sun is seen to go dark? Or 
would the earth leave orbit after the 
sun was seen to go dark? 


The answer to these questions 
depends on the speed of gravity, 
which is more accurately called "the 
speed of gravitational change 
propagation" or "the speed of 
gravitational waves". Einstein's 
theory of general relativity predicts 
that the speed of gravitational waves 
exactly equals the speed of light in 
vacuum. This is not a coincidence. 
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All massless particles travel at 


the speed of light in vacuum. This 
includes gravitational waves which 


propagate changes in the 
gravitational field, light waves which 
propagate changes in the 
electromagnetic field, and gluons 
which propagate changes in the 
strong nuclear force field. In fact, the 
phrase "speed of light" can be 
misleading as it seems to make light 
look special. A better name would be 
“the universal speed limit", or "the 
speed of massless particles”. 


Returning back to our hypothetical 
Situation, we can work out what 
would happen to the earth. The 
moment the sun disappeared, it 
would stop generating light and 
gravity. Both of these changes would 
propagate out to the earth at the 
speed of light in vacuum, which is 
about 300 million meters per second 
(671 million mph). The earth sits 
about 150 billion meters (93 million 
miles) distant from the sun, so it 
takes about eight and a half minutes 
for light and gravitational effects 
from the sun to reach the earth. This 
means that earth's sky would go 
dark and earth would leave its orbit 
at the same time, eight and a half 
minutes after the sun had 
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disappeared. (Note that the sun can't 
really suddenly disappear.) 


The theoretical prediction that 
gravitational waves travel at the 
speed of light in vacuum has been 
confirmed experimentally. LIGO has 
been directly detecting gravitational 
waves since 2015 and various groups 
have been directly detecting bursts 
of gamma ray light since 1967. A 
particular neutron star merger event 
in the NGC 4993 galaxy created both 
a burst of gamma ray light and 
chirped gravitational waves at 
almost exactly the same time. These 
light waves and gravitational waves 
then traveled through space for 130 
million years. They then reached 
earth's LIGO and gamma ray 
detectors at almost exactly the same 
time. These measurements showed 


that the speed of light and the speed 
of gravity are the same, out to the 
fifteenth digit. 


117 


Gravitational effects travel at the 
speed of light in vacum 


Since Gravity Is Unlimited, Can We 
Use It As An Infinite Energy Source? 


No, gravity can not be used as an 
infinite energy source. In fact, 
strictly speaking, gravity itself can 
not be used as an energy source at 
all. You are confusing forces with 
energy, which are very different 
things. Energy is a property of 
objects, such as balls, atoms, light 
beams, or batteries. In 

contrast, forces describe 

the interaction between objects. 
Forces are the way that energy is 
transferred from one object to 
another when they interact, but 
forces are not the energy itself. 
Gravity is a force, so it just provides 
one way for objects to exchange and 
transform energy to different states. 


If | lift a bowling ball to the top ofa 
hill and let it go, the ball falls, 
Speeds up, and seems to gain 
energy. Isn't this a case of gravity 
giving energy to the bowling ball? 
No. Again, gravity is just a force, so 
it just describes how objects 
interact. The energy that the ball 
displays as a falling motion came 
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from my muscles when I hefted the 
bowling ball to the top of the hill, 
and not from gravity. Gravity just 
provides a way to temporarily store 
energy in an object. We call the 
energy that an object gains when 
you lift it against a force "potential 
energy". The energy comes from the 
lifting agent and not from the force. 
The force just provides a way to 
transfer energy from one object (my 
muscles) to another object (potential 
energy in the lifted ball). When I let 
go of the ball, gravity converts the 
potential energy of the ball to the 
kinetic energy (motional energy) of 
the ball. But the ball can never gain 
more kinetic energy than the total 
potential energy that I put into it by 
lifting it. 


This concept ts true of all forces, and 
not just gravity. Two magnets attract 
each other and fly together, 
Speeding up and seeming to gain 
energy. You may think that the 
energy has come from the magnetic 
force. In truth, the energy comes 
from your hand pulling the two 
magnets apart against the magnetic 
force. The magnetic force just 
provides a way for potential energy 
to be stored in the magnet (by virtue 
of you pulling them apart, not just by 
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virtue of them being magnets), and 
then converted from potential 
energy to kinetic energy. Any time 
you push an object to a new 
location against a force, you are 
giving it potential energy. 


It is true that gravity is "unlimited" 
in the sense that it never turns off. 
Earth's gravity will never go away as 
long as it has mass. But since this is 
just a force and not an energy, the 
never-ending nature of gravity 
cannot be used to extract infinite 
energy, or any energy at all, for that 
matter. Think of gravity loosely like a 
rubber band. Stretch the rubber 
band and let go and it snaps back 
into place. You can therefore store 
potential energy in a rubber band by 
stretching it, and this potential 
energy becomes kinetic energy when 
you let go. But an unstretched 
rubber band just sitting there won't 
move at all, and can't create any 
energy. The energy you see in the 
rubber band snapping comes from 
you stretching it and not from the 
rubber band itself. Neglecting heat 
losses, the kinetic energy that comes 
out of the rubber band (how much it 
snaps) is exactly equal to the 
potential energy that you put into it 
using your muscles (how much you 


120 


stretch it). Lifting an object against 
gravity is just like stretching the 
rubber band. 


Confusing energy and forces leads to 
non-sensical ideas such as free 
energy (perpetual motion) machines. 
Such machines always fail precisely 
because forces are not energy, and 
you can't extract one single bit of 
energy from a force itself. For 
instance, a "free energy" machine 
could consist of a ball that rolls down 
a hill and hits a paddle, which turns 
a wheel. The problem with this 
machine is that the ball has to be 
returned to the top of the hill for the 
process to continue, and the amount 
of energy you have to put into your 
machine to put the ball back at the 
top of the hill equals the energy you 
get out of your machine from the 
spinning wheel. Actually, the amount 
of energy you get out of your 
machines is always /ess than the 
energy you put into it because some 
of the inputted energy is wasted to 
heat energy through friction. Free 
energy proponents devise ever 
cleverer ways to get the ball back to 
the top of the hill (or the magnets 
separated again, or the rubber band 
stretched again, etc.), hoping that 
just one more extra gear or wheel 
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will somehow magically create 
energy out of nothing. But they can 
never get around the fact that forces 
are not energy and you can never 
get more energy out of a system 
than you put in. 


What about hydroelectric plants that 
extract energy from the falling water 
in rivers? Don't they extract energy 
from gravity for free? No. The water 
in the river is no different from the 
ball that you have to haul up the hill. 
The water got its energy not from 
gravity but from some external 
agent that placed it high up in the 
mountains against gravity, so it 
could fall down the river bed. The 
external agent in this case is 
sunlight. Sunlight warms the ocean, 
causing the water to evaporate and 
float into the sky. The energy 
contained in the photons of sunlight 
is converted to the potential energy 
of the water molecules that are lifted 
high in the sky. These water 
molecules then rain down to the 
ground, form rivers, and flow back 
down to the ocean, converting their 
potential energy to kinetic energy, 
heat, and (in a hydroeletric plant) 
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electricity. 


The kinetic energy that water gains 
when it falls (and can therefore be 
converted into electricity by a 
hydroelectric plant) comes ultimately 
from sunlight and not from gravity. As a 
force, no energy can be extracted from 
gravity itself. 


Why are all.the stars fixed in space? 


The stars are not fixed, but are 
constantly moving. If you factor out 
the daily arcing motion of the stars 
across the sky due to the earth's 
rotation, you end up with a pattern 
of stars that seems to never change. 
The stars seem so fixed that ancient 
sky-gazers mentally connected the 
stars into figures (constellations) 
that we can still make out today. But 
in reality, the stars are constantly 
moving. They are just so far away 
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that the naked eye cannot detect 
their movement. But sensitive 
instruments can detect their 
movement. Consider driving down 
the highway in the mountains at 60 
mph. The telephone poles on the 
side of the road seem to whiz past 
you, but the distant mountains seem 
to hardly move at all. In fact, they 
are both traveling at the same speed 
(60 mph) relative to you. The 
mountains just seem to move slower 
than the telephone poles because of 
a perspective effect known as 
parallax. In general, the more distant 
an object, the less it moves in your 
field of view for a certain, fixed 
actual speed. The stars (even the 
closest ones) are vastly farther away 
than the mountains, so their motion 
in our field of view is miniscule. But 
they are still moving. 


Most of the stars you see in the night 
sky with your naked eye are 
individual stars inside our own 
galaxy. It takes telescopes to see the 
stars outside our galaxy or even to 
see other galaxies. The stars in our 
galaxy are all orbiting in a nearly 
circular path around the center of 
the galaxy. They do this because the 
immense combined mass of the 
galaxy, most if it near the center, 
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creates immense gravity that pulls 
all the stars in our galaxy into 
circular orbits. In addition, each star 
in the galaxy has a small random 
motion relative to the overall 
galactic rotation. The same concepts 
apply to stars in other galaxies. Each 
star orbits its galaxy's center and 
has a slight random motion on top of 
this. Each star does not careen 
randomly about like a drunkard. 
Rather, each star travels ona 
smooth, nearly-straight trajectory as 
dictated by its own momentum and 
the local gravitational field. But 
when comparing the motion of many 
stars in a galaxy and subtracting out 
their galactic rotation, you end up 
with a random distribution. The 
reason for this is simply the 
randomness of the materials from 
which the stars formed, and the 
tendency of objects to drift under 
their own inertia in nearly the same 
path for eons in the near-vacuum of 
space. 


“There is, as we shall see, an 
individualized random motion, albeit 
slight, superimposed on a large 
common systematic movement 
shared by all the stars as they 
revolve around the center of the 
Galaxy... The principal movement of 
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the stars within the disk portion of 
the Galaxy is the Keplerian motion: 
the closer the star is to the 
gravitational center (the nucleus of 
the Galaxy), the faster it moves. This 
behavior is similar to the planetary 
motions around the sun since the law 
of gravitation is the common 
‘operator’ in the solar system as well 
as the galactic system. Within the 
nuclear bulge where the stellar 
density is greatest, the action 
approximates that of a solid 
structure: the farther the star is from 
the center, the faster it moves. The 
individual stars well above or below 
the galactic plane, constituting 

the halo population, and the 
spherically distributed globular 
clusters move around the galactic 
center at all angles of inclination in 
highly eccentric ellipses. Their 
motions are analogous to the 
motions of the far-ranging comets 
orbiting the sun." 
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Why is there no gravity in space? 
There is gravity in space - lots of it. 
Gravity is everywhere. It is true that 
as you get farther from the earth, its 
gravitational pull weakens. But it 
dies off quite slowly (compared to 
nuclear forces). And gravity never 
goes completely away. When you get 
very close to some other large body; 
the moon, Mars, or the sun; its 
gravity dominates over that of the 
earth. Only then can you neglect 
earth's gravity. Because gravity Is 
everywhere in space, objects in 
Space are always falling: towards the 
earth, towards the sun, and towards 
the galactic center. There are two 
reasons that objects seem to be 
floating without gravity in space 
when they are really falling. 


First, space is very large and 
relatively empty by earth standards. 
When you jump off a bridge, you 
know you are falling because you 
feel the air whooshing up, see the 
mountains shooting up, see the 
water fast approaching, and then 
feel yourself hit the water. Because 
Space is relatively empty, there is 
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little air to feel whooshing past you 
as you fall and there are no 
landmarks to indicate you are 
moving. Because space is so large, it 
takes you from hours to years of 
falling through space until you 
actually hit the surface of a planet 
(assuming you have aimed properly 
so that you actually do hit), instead 
of the seconds it takes jumping off a 
bridge. 


The second reason that gravity is not 
so obvious in space is because 
objects tend to orbit planets instead 
of hitting them. Orbiting just means 
that an object falls towards a planet 
due to gravity and continually misses 
it. Because space is so large and 
planets are so small by comparison, 
it's actually very hard to hit planets. 
Space objects typically slingshot in 
hyperbolic paths around planets, or 
slip into orbits around them. It takes 
a team of scientists doing very 
accurate calculations to make sure a 
Space probe destined for the surface 
of Mars doesn't miss it. Falling in 
circles around a planet instead of 
smashing into it doesn't seem like 
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the gravity we're used to on earth, 
but it's the exact same kind of 
falling. Astronauts in orbit around 
the earth are not experiencing "no 
gravity". They are experiencing 
almost all of earth's gravity, but with 
nothing to stop them. This is known 
as "free fall". Free fall looks like 
floating to a person in the falling 
frame of reference. Confusingly, 
scientists refer to an orbiting 
environment as "microgravity". What 
they really mean is "micro 
acceleration", which is another term 
for free fall. This unfortunate naming 
convention arises from the fact the 
word "gravity" is used historically to 
mean any acceleration, and not just 
gravity. For example, when an 
accelerating drag racer experiences 
four g's, the acceleration is due to 
the spinning tires and has nothing to 
do with gravity. 


130 


Each galaxy is held together by 
strong gravitational forces. Even If 
you managed to get away from our 
sun, you would still experience the 
galaxy's gravity. This image Is an 
artisitic rendition of our galaxy 


There is an up and down in space. 
"Down" is simply the direction 
gravity is pulling you, and "up" is 
just the opposite direction. Since 
there is gravity everywhere in space, 
there is also an up and down 
everywhere in space. Gravity is a 
centrally attractive force, so "going 
down" means falling or being pulled 
towards the center of the nearest 
massive object. If you are in space 
and the earth is the nearest 
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astronomical object, you fall towards 
earth. Down is therefore towards the 
earth's center and up is away from 
the earth's center when close to the 
earth. Down is not towards the 
earth's South Pole and up is not 
towards the earth's North Pole. This 
mistaken notion comes from the way 
we traditionally hold flat maps. The 
Nile river would never flow north if 
north were really up. Unfortunately, 
in an effort to explain why north is 
not up and south is not down, many 
people conclude there is no up or 
down in space, which is clearly 
wrong. If earth is the closest large 
body, down is always towards the 
center of the earth and up is always 
away from the center of the earth. 
Nothing magical happens if you are 
leave earth's surface and board the 
International Space Station: down is 
still in the same direction. 


But if you look at the astronauts on 
the International Space Station, they 
seem to be floating around with no 
sense of up or down. This interesting 
behavior is not due to a lack of 
gravity, but is due to the fact that 
they are in free fall. When falling 
freely, our human senses cannot 
detect which way is down. But there 
still is a down, evidenced by the fact 
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that you are accelerating in the down 
direction while falling. If you jumped 
into an empty elevator shaft from 
the fiftieth floor and closed your 
eyes as you fell, you would not be 
able to tell which way is up (ignoring 
air resistance). The gravity did not 
magically disappear in the elevator 
shaft just because you closed your 
eyes and jumped. The down direction 
is still very real and is evident from 
the fact that you are falling in that 
direction, even if you can't feel which 
way is down. It is the same with 
astronauts in orbit. The round path 
of their orbit is a direct indication 
that they are falling and that they 
are experiencing a down (which is 
towards a focus of their orbit), even 
if they can't feel it while in a state of 
free fall. 


What would happen if you got far 
enough away from the earth that its 
gravity were no longer significant? 
Then you would simply fall towards 
whatever body has the strongest 
gravity. Near the moon, down is 
towards the moon. Near Saturn, 
down is towards Saturn. If you are 
not particularly close to any planet 
but are still in the solar system, 
down is towards the sun 

(the barycenter, actually), because 
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that is the direction gravity is pulling 
you. If you start at rest relative to 
the sun and are far away from the 
planets, you will fall towards the 
sun. If you go out of our solar system 
and do not enter another solar 
system, down is towards the center 
of our galaxy. If you get out of our 
galaxy and don't enter another 
galaxy, down is towards the center 
of our cluster of galaxies. If you get 
far enough away from our cluster of 
galaxies, down just becomes towards 
the next closest cluster. All matter in 
Space is constantly falling down. 
Space is so big that this falling down 
motion is so slow that on an 
astronomical scale that we don't 
notice it much. But it is definitely 
there. Because the falling of 
Spaceships, moons, and planets 
looks much slower on astronomical 
scales than you falling off your roof, 
scientists don't use the word 
"falling" much. Instead they talk 
about "orbits", "trajectories", and 
"paths". Whenever they use such 
terms, they really just mean "things 
in space falling down". 
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O. 
HEAT 


Did sound waves generate 
heat? 


sound waves can generate heat. In 
fact, sound waves almost always 
generate a little bit of heat as they 
travel and almost always end up as 
heat when they are absorbed. Sound 
and heat are both macroscopic 
descriptions of the movement of 
atoms and molecules. Sound is the 
ordered movement of atoms and 
molecules in rapid waving patterns. 
Heat is the disordered, random, 
movement of atoms and molecules. 
Therefore, all you have to do in order 
to turn sound into heat is transform 
some of the ordered movement of 
the atoms and molecules into 
disordered movement. This effect 
always happens to some extent. This 
effect happens a lot whenever the 
sound wave encounters irregularities 
as it travels. 


For instance, dust particles in air are 
irregularities that randomly interfere 
with the vibrating motion of some of 
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the air molecules that make up the 
sound wave. The dust particles mess 
up some of the ordered motion, and 
therefore convert some of the sound 
to heat. As another example, the 
rough surface of an object 
constitutes a collection of 
irregularities that the sound wave 
encounters. Therefore, when a sound 
wave hits a rough surface, the 
motion of the air molecules gets 
scrambled up a bit. Note that the air 
molecules already have a motion 
that is somewhat disordered. In 
other words, air through which 
sound is traveling already contains 
some amount of heat. When some of 
the sound wave is converted to heat, 
the motion of the air molecules 
becomes more disordered and the 
amount of heat increases. 


The ordered movement of atoms is 
also made more disorderly when 
sound travels through acoustically 
absorbent materials. Materials can 
be made absorbent by embedding an 
array of little irregularities directly 
into the material, such as air 
bubbles. For this reason, materials 
that are soft and porous, like cloth, 
are good at converting sound to 
heat. The sound is said to be 
"absorbed" or "lost" when it is 
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converted to heat inside a material. 
Even without irregularities, a 
material can be highly absorbent if 
the atoms and molecules that make 
up the material cannot slide past 
each other smoothly. In this case, an 
atom or molecule that is trying to 
participate in the ordered vibrational 
motion of the sound wave roughly 
slides past the neighboring atoms or 
molecules that are off to the side, 
such that motion gets diverted in 
sideways directions rather than 
continuing in the forward direction 
as part of the sound wave. The 
ordered motion therefore becomes 
disordered. You can think of it as a 
kind of internal friction that all 
materials posses to some extent. In 
this way, some of the sound energy 
is converted to thermal energy. All 
materials, even air, have some 
amount of resistance to smooth 
atomic/molecular sliding and 
therefore are somewhat absorbent 
to sound. 


In summary, sound waves always 
generate a little heat as they travel 
and they ultimately almost always 
end up completely as heat when they 
are absorbed by materials. However, 
the amount of energy carried by 
sound waves is very small, so that 
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the amount of heat they generate is 
typically insignificant. In short, 
cranking up the volume on your 
Speakers is a terrible way to try to 
heat up your room. Yelling at your 
soup does indeed warm it up, but the 
amount is far too small to be 
noticeable. 


—_— == i 


Depi Adn Of A Sound Wave. 
What makes heat rise? 


Heat does not rise, hot air does 
(usually). Heat can spread out in all 
directions. There are three main 
ways for heat to travel: 


1. Radiation: All wavelengths of 
electromagnetic waves, including 
light, carry energy. When the 
electromagnetic waves strike an 
object, they are partially absorbed 
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2. 


3. 


and the energy that the waves 
carried is converted to heat in the 
object. Also, hot objects emit 
electromagnetic waves ("thermal 
radiation") that carry away energy 
and can heat up other objects that 
they hit. In a loose sense, you can 
think of electromagnetic waves as 
transferring heat from one object 
to the next. Although, strictly 
speaking, when the waves are 
traveling they are only carrying 
electromagnetic field energy and 
not heat. The heat is generated 
when the waves are absorbed by 
matter. 

Conduction: When one hot 
object is in direct contact with 
another object, the heat can pass 
directly from the one object to the 
other through the touching 
surfaces. 

Convection. When a fluid such 
as air or water touches a hot 
object, it can heat up and then 
move in bulk as a fluid, thereby 
carrying the heat quickly to new 
locations. Hot air rising is a 
common example of heat 
convection. For this reason, 
"heat" and "hot air" tend to be 
confused with each other. 
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Thermal radiation tends to spread 
out in all directions and not just up. 
When you are standing a few steps 
back from a large campfire, most of 
the heat you are receiving is being 
delivered to you via thermal 
radiation. Although the hot air of the 
campfire's flame travels mostly 
upwards, the thermal radiation has 
no problem coming out sideways and 
hitting you. The thermal radiation of 
a campfire spreads out in all 
directions, so that you can feel it 
heating you no matter where you 
stand (as long as you are close 
enough). Sunlight heating you up Is 
another example of thermal 
radiation. The sunlight has no 
problem traveling out in all 
directions through space and coming 
down through earth's atmosphere to 
hit you. 


Heat traveling by conduction can 
travel in all directions as well. 
Conducted heat tends to travel the 
most in the direction where there is 
the largest temperature gradient, 
and in the direction where the 
material has the highest thermal 
conductivity. In other words, heat 
that is conducted travels most 
strongly to regions that are the 
coldest, along paths where the heat 
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meets the least resistance. If you lay 
a long metal rod down diagonally, so 
that its top end it situated in a flame, 
and its bottom end is on the ground, 
the heat from the flame will have no 
problem traveling down the rod to 
the bottom end via conduction. 


Heat traveling by convection can 
also move in all directions, but it 
does tend to move mostly sideways 
and upwards if natural convection 
currents are allowed to form in the 
fluid. Fluids such as air and water 
typically become less dense when 
they are heated, causing them to be 
pushed sideways and upwards by the 
colder, more-dense fluid around 
them that is being pulled more 
strongly down by gravity. But this is 
not always the case. When water 
stays below 4° Celsius, it actually 
gets more dense as it heats up. This 
means that in a cold winter pond, the 
warmer water sinks down to the 
bottom. So even for something as 
simple as water, heat traveling 
under convection does not always 
travel up. 


Also, convection can be driven by 
more than just gravity. In a rotating 
reference frame such as a centrifuge 
or a turntable, centrifugal force can 
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become the dominant force. When 
this is the case, the less dense fluids 
(typically the warmer ones) will 
convect towards the center of 
rotation under the influence of the 
centrifugal force, and the more 
dense fluids (typically the colder 
ones) will convect away from the 
center of rotation. This situation can 
be easily verified. Place a lit candle 
in an open glass jar (to keep it from 
blowing out) and place them on top 
of turntable. As the turntable turns, 
you will see the candle's flame 

point towards the center of rotation 
instead of upwards. As another 
example, convection can be forced 
by fans and pumps. Hot air has no 
problem going down if there is a fan 
blowing it that direction. 


In summary, heat can travel in all 
directions. The direction that heat is 
traveling depends strongly on the 
Situation. Furthermore, even hot air 
can travel in all sorts of directions 
and not just up. Hot air only travels 
up when gravity is the dominant 
force at work. 


The continents do not float on a 
sea of molten rock. The 
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continental and oceanic crusts sit 
on a thick layer of solid rock 
known as the mantle. While 

there /sa layer of liquid rock in 
the earth known as the outer 
core, this layer is about 3000 km 
below earth's surface and is 
separated from the surface by the 
thick solid mantle. The tectonic 
plates do not slowly drift over 
time because they are floating on 
a layer of liquid rock. They drift 
because they are sitting ona 
layer of solid rock (the upper 
mantle or "asthenosphere") that 
is weak and ductile enough that it 
can flow very slowly under heat 
convection, somewhat like a 
liquid. 


If there is not a giant sea of 
magma under the continents, 
where does lava come from? The 
molten lava that spews out of 
volcanoes is created locally right 
under the volcano rather than 
being released from a global sea 
of magma. Magma is created 
when pressure changes melt the 
rock. For instance, as two 
tectonic plates collide, one plate 
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may get forced under the other 
plate. As it does so, the plate that 
is forced down (subducted) 
releases water into the upper 
mantle which lowers the pressure 
enough to melt the rock. 
Localized regions of magma form 
in the mantle near subduction 
zones. The mantle can then rise 
and create volcanoes. The point is 
that magma is created in small 
pockets (small relative to the size 
of the earth) as part of the 
tectonic plate movement, and 
does not exist as a global sea of 
magma just under the crust. The 
confusion about the state of the 
upper mantle perhaps arises from 
the way diagrams are presented. 
For instance, the image above 
shows the mantle in a glowing 
orange color. This coloring can be 
confused to mean that this layer 
is hot liquid rock, like lava. In 
reality, the mantle is solid, and 
the coloring Is just meant to 
indicate that the rock is hot and 
flowing slowly under heat 
convention. 
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Lithosphere 


Outer Core 
Inner 
Core 


Under the continents ts a layer of solid 
rock known as the upper mantle or 
asthenosphere. Though solid, this layer 
is weak and ductile enough to slowly 
flow under heat convection, causing the 
tectonic plates to move. 


Why does the coldest time of the 
year align with the darkest time of 
the year? 

In general, the coldest time of the 
year does not align with the darkest 
time of the year. The basic reason for 
this discrepancy is the fact that 
objects take time to cool down and 
heat up. 


The earth rotates daily about its 
rotational axis, which is an imaginary 
line connecting the North and South 
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geographic poles. In addition, the 
earth orbits once a year in a nearly 
circular path around the sun. The 
axis of earth's rotational motion is 
tilted 23.4° away from the axis of its 
orbital motion around the sun. Due 
to the conservation of angular 
momentum, earth's rotational axis 
always points roughly to the same 
region in the starry sky (generally 
towards Polaris). This means that as 
the earth orbits the sun, at one point 
in the year, the North Pole is tilted 
23.4° directly towards the sun (the 
northern summer solstice); at 
another point tn the year, the North 
Pole is tilted 23.4° directly away 
from the sun (the northern winter 
solstice); and at two other points in 
the year, the North Pole is titled 
23.4° exactly to the side with respect 
to the sun (spring equinox and 
autumn equinox). 


The more a spot on earth's surface is 
tilted away from the sun, the less 
time that spot spends each day in 
daylight. The day that the North Pole 
tilts the most away from the sun is 
therefore the shortest day of the 
year (plus or minus a day because of 
the way we define time zones), and 
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the day that the North Pole tilts the 
most towards the sun is the longest 
day of the year (plus or minus a day). 
The northern winter solstice occurs 
every year some time between Dec. 
20 and Dec. 22. The exact day 
changes because of the way we as 
humans have designed our calendar 
and time zones and not because the 
actual timing of the solstice 
physically changes every year. As 
soon as Dec. 20-22 has come and 
gone on the Northern Hemisphere, 
the days begin getting longer and 
brighter. 


Since sunlight Is the principal agent 
that warms the earth, and since the 
Northern Hemisphere starts getting 
more light every day after Dec. 20- 
22, you may be led to believe that 
Dec. 20-22 is not only the darkest 
time of the year, but also the coldest 
time of the year. But this assumption 
is false. In the Northern Hemisphere, 
the coldest time of year is generally 
the middle of January. The exact day 
that is the coldest varies from town 
to town, and from year to year 
because the weather is a very 
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complex phenomenon shaped by 
many factors. But averaged over 
many years and over many locations, 
the coldest time of year is the middle 
of January. The coldest time of year 
is therefore typically 3 to 4 weeks 
after the darkest time of year. Why? 


While it is true that the earth Is 
mostly warmed by sunlight, it takes 
time for the earth to cool down and 
heat back up after the sunlight has 
reached the minimum in its cycle. 
Summer heat is stored in the ground, 
plants, and water on earth's surface. 
When the low-light conditions of 
December come, the earth is losing a 
lot of heat but has not lost all of it 
compared to the coldest day. Even 
though the end of December and 
beginning of January has more light 
warming the earth than on winter 
solstice, there is not enough heat 
being inputted by the light to offset 
the massive amounts of heat still 
being lost by the earth because of its 
previously high temperatures. The 
average coldest day of the year in 
middle January is only reached when 
the heat inputted by the increasing 
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levels of sunlight overcomes the 
amount of heat lost by the earth 
each day. The situation is a bit like 
putting hot soup that is at 200° F 
into an oven that is at 100° F, but is 
steadily increasing to 300° F. The 
soup will at first cool down even 
though more and more heat is being 
pumped into the soup every minute. 
Eventually, the oven's temperature 
surpasses the temperature of the 
cooling soup, and the soup begins 
heating up again. 


The day of the year when the Northern 
Hemisphere receives the least average 
sunlight is Dec. 21, which is about a month 
before the average coldest day of the year. 
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O. 
LIGHT 


light is a particle or a wave ? 

In an approximate way, light is both 
a particle and a wave. But in an 
exact representation, light is neither 
a particle nor a wave, but is 
something more complex. As a 
metaphor, consider a cylindrical can 
of beans. If you hold the can 
sideways, force a friend to only look 
at its shadow, and ask him what 
shape the object has, he will respond 
"rectangular". But now turn the can 
ninety degrees, have a second friend 
look at just the shadow, and he will 
tell you the can is "circular". Now 
have your two friends debate each 
other about the true shape and they 
will not make much progress. Which 
one is right? They are both right in 
away and both wrong in a way. A 
cylinder is circular as seen from one 
angle, and rectangular from another 
angle, but in reality it is much more 
than a circle plus a rectangle. It is 
something more complex: a three- 
dimensional shape that can't be fully 
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described through two-dimensional 
Shapes such as circles and 
rectangles. The problem is that your 
friends were looking at shadows of 
the can of beans and not the object 
itself. A shadow is a two- 
dimensional, collapsed 
representation of a three- 
dimensional object. The case is very 
similar when it comes to quantum 
particles such as light. To say light is 
a particle is to look at it as a 
collapsed representation of a more 
complex entity. Similarly, to picture 
light as a wave is to treat it as a 
simpler object than it really is. 


Light sometimes acts like a wave and 
sometimes acts like a particle, 
depending on the situation. This only 
makes sense if you accept that light 
is something more complex; 
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something that from a certain 
perspective looks wave-like and from 
another perspective looks particle- 
like. So what really ts light? The 
question is hard to answer without 
delving into complex mathematics. 
The situation is much like the 
proverbial elephant and the blind 
men. One blind man feels only an 
elephant's leg and declares the 
elephant to be a tree. Another blind 
man feels the elephant's tail and 
declares it to be a rope. Still another 
feels a tusk and declares the animal 
to be a spear. All the blind men are 
partly right and also partly wrong 
because they don't have complete 
information. But how do you explain 
an elephant to a blind man without 
him climbing all over it and feeling 
every inch for himself? This ts the 
difficulty physicists find themselves 
in explaining quantum particles to 
people unable to solve the 
mathematics for themselves. 


Light is a complex-valued probability 
distribution that has quantized 

(discrete) properties such as energy. 
The smallest piece of light is called a 
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photon. Like a wave, a photon 
experiences diffraction (bending 
around corners), interference 
(fringed patterns), refraction 
(bending when entering a material), 
reflection, dispersion (wave-shape 
spreading), coherence (lining up of 
phases), and has a frequency. Like a 
particle, a photon contains a fixed 
energy, a fixed momentum, a fixed 
spin, and can be measured to have a 
single fixed location in space. The 
wave-like and particle-like traits of a 
photon trade off according to the 
Heisenberg Uncertainty Principle. 
This means that the more you force a 
photon to act like a particle, for 
instance by confining it in a small 
box thereby lowering the uncertainty 
in its position, the less it acts like a 
wave. 


In the famous Young's double-slit 
experiment, a coherent beam of light 
is directed through two slits and 
then onto a photographic plate. 
When each photon hits the plate, it 
makes a single, point-like mark, 
indicating that the photon interacted 
with the plate as a particle. But the 
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overall pattern of marks on the plate 
is that of an interference pattern of 
bars, which ts only possible if the 
light is a wave. The interference is 
the result of two beams being 
created by the two slits, which 
spread out from the slits and 
interfere with each other. Even more 
remarkably, if we dim the light until 
we are only sending through one 
photon at a time, we still get an 
interference pattern. This means 
that a single photon goes through 
both slits at the same time, 
interferes with itself in a wave-like 
way upon emerging from the slits, 
and then makes a single mark on the 
plate in a particle-like way. If this 
sounds nonsensical to you, it is 
because you are still picturing the 
photon as just a particle or a wave. 
Because the photon is a fluctuating 
probability distribution with 
quantized properties, it can do all 
these things in a completely sensible 
Way. 


Amazingly, all quantum objects from 
electrons to protons behave as 
quantized probability distributions, 
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and not just photons. If you find a 
quantum particle/wave hard to 
visualize, don't let this difficulty 
tempt you to dismiss quantum 
theory as nonsense. Quantum theory 
has been experimentally verified in 
hundreds of laboratories for almost a 
century now. Additionally, the 
semiconductor chip inside the 
computer you have in front of you 
right now crucially depends on 
quantum theory being right. To 
dismiss quantum theory as quackery 
because its concepts are hard to 
visualize is to say that computers 
don't exist. 


A can of beans looks like a circle from one 
perspective and a rectangle from another 
perspective. In reality, the can is a cylinder. 
Similarly, light sometimes acts like a wave 
and other times acts like a particle but is in 
reality something more complex. 
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Yes. In fact, photons are the only 
things that humans can directly see. 
A photon is a bit of light. Human 
eyes are specifically designed to 
detect light. This happens when a 
photon enters the eye and is 
absorbed by one of the rod or cone 
cells that cover the retina on the 
inner back surface of the eye. When 
you look at a chair, you are not 
actually seeing a chair. You are 
seeing a bunch of photons that have 
reflected off of the chair. In the 
process of reflecting off of the chair, 
these photons have been arranged in 
a pattern that resembles the chair. 
When the photons strike your retina, 
your cone and rod cells detect this 
pattern and send it to your brain. In 
this way, your brain thinks it's 
looking at a chair when it's really 
looking at a bunch of photons 
arranged in a chair pattern. 


Your eyes can see bunches of 
photons, but can they see a single, 
isolated photon? Each rod cell in 
your eye is indeed capable of 
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detecting a single, isolated photon. 
However, the neural circuitry in your 
eye only passes a Signal along to the 
brain if several photons are detected 
at about the same time in 
neighboring rod cells. Therefore, 
even though your eye is capable of 
detecting a single, isolated photon, 
your brain ts not capable of 
perceiving it. If it could, an isolated 
photon would just look like a brief 
flash of brightness at a single point. 
We know this because a sensitive 
camera sensor is indeed able to 
detect and process an isolated 
photon, and the photon just looks 
like a brief flash of brightness ata 
single point. 


A photon has several properties, and 
each of these properties carries 
information about the source that 
created the photon or the last object 
that interacted with the photon. The 
basic properties of a photon that 
carry information are color (i.e. 
frequency), spin (i.e. polarization), 
location, direction of propagation, 
and wave phase. There are also 
many other properties of a photon; 
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such as energy, wavelength, 
momentum, and wavenumber; but 
these are all dependent on the 
frequency and therefore do not carry 
any extra information. Additionally, 
when many photons are present, 
information can be carried by the 
number of the photons (i.e. 
brightness). When a group of 
photons reflects off of a chair, the 
photons form patterns of color, spin, 
location, direction, wave phase, and 
brightness that contains information 
about the chair. With the proper 
tools, each of these patterns can be 
analyzed in order to gain information 
about the chair. The human eye is 
designed to detect the color, 
location, direction, and brightness 
patterns of a group of photons, but 
not the spin or wave phase. 


Color information is detected in the 
eye by having three different types 
of cone cells that each have a 
different range of color sensitivity. 
One of the types has a sensitivity 
range centered on red, another type 
has a range centered on green, and 
another type has a range centered 
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on blue. The eye can see almost all 
of the colors in the visible spectrum 
by comparing the relative activation 
of these three different types of cone 
cells. For instance, when you look at 
a yellow tulip, yellow photons stream 
into your eye and hit your red, 

green, and blue cone cells. Only the 
red and green cone cells are 
triggered by the yellow photons, and 
your brain interprets red plus green 
as yellow. In contrast to cone cells, 
there is only one type of rod cell, and 
so the rod cells can only detect 
brightness and not color. The rod 
cells are primarily used in low 
lighting conditions. 


Location information is detected in 
the eye by having the cone and rod 
cells spread across different 
locations along the retina. Different 
photons existing at different 
locations will trigger different cells. 
In this way, the spatial pattern of 
photon location is directly detected 
by the retina. Note that photons can 
come from many different directions 
and blur together. For this reason, 
the eye has a stack of lens in the 
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front which focuses only the light to 
a certain cell which comes from a 
single point on the object being 
viewed. The lens plays an essential 
role in extracting location 
information about the object being 
viewed from the location information 
of the photons on the retina. If the 
lens malfunctions, photon location 
on the retina no longer corresponds 
exactly to point locations on the 
object being viewed and the image 
ends up blurry. Note that the human 
optical system can only directly 
image two dimensions of the photon 
location information. Information 
about the third dimension is 
indirectly extracted by humans using 
a variety of visual tricks (called 
“depth cues"), the main trick being 
the use of two eyes that are slightly 
offset from each other. 


Direction information is only crudely 
detected by humans by having the 
brain keep track of which way the 
eyes are pointed, and by having the 
eyes look at an object from many 
different angles. For instance, a 
room with one wall painted red and 
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the opposite wall painted blue has 
red photons from the wall shooting 
in one direction and blue photons 
from the other wall shooting in the 
opposite direction. At a given spot in 
the room, the bunch of photons at 
that spot includes red photons and 
blue photons traveling in opposite 
directions. However, a human can 
only deduce that the red and blue 
photons are traveling in different 
directions (and therefore deduce 
that the red and blue walls are at 
different locations) by turning his 
head and analyzing two different 
views while his brain tracks the 
orientation of his head. 


Brightness information is directly 
extracted by the retina by measuring 
how many photons strike a certain 
region of the retina in a certain time 
increment. Both the rod cells and the 
cone cells can collect brightness 
information. 


Since the human eye ultimately only 
sees photons, a light-generating 
machine can make a physical object 
seem to be present by recreating the 
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correct patterns of photons that 
would come off of the object if it 
were really present. For instance, we 
can make it look like a chair is 
present if we create a collection of 
photons with the same patterns as 
the collection of photons that is 
present when a chair really is there. 
This ts what computer display 
screens do. A camera captures the 
patterns in the photons coming from 
a chair and stores the information as 
bits of electricity. A computer screen 
then uses this information to 
recreate the photon collection and 
you see a picture of the chair. 


However, standard computers 
screens can only specify the color, 
brightness, and two-dimensional 
location of the photons they create. 
As a result, the image of a physical 
object on a computer screen is two- 
dimensional and not completely 
realistic. There are many tricks that 
are used to try to convey the third 
dimension of information to humans, 
including the polarization glasses 
used in 3D cinemas and the 
lenticular lenses used on some book 
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covers. However, such systems are 
usually not entirely realistic because 
they do not actually recreate the full 
three-dimensional photon field. This 
means that such "3D" recreations of 
objects can only be viewed from one 
look angle and are not entirely 
convincing. Some people find that 
because such "3D" systems use 
visual tricks rather than a full three- 
dimensional photon field, these 
systems give them headaches and 
nausea. 


In contrast, a holographic projector 
comes much closer to recreating the 
full three-dimensional photon field 
coming from an object. As a result, a 
hologram looks much more realistic 
and can be viewed from many 
different angles, just like a real 
object. However, true holograms are 
currently not able to effectively 
reproduce color information. Note 
that many color-accurate images 
that are claimed to be holograms are 
actually flat images with tricks 
added in to make them look 
somewhat three-dimensional. A fully- 
realistic photon recreation of a 
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physical object will not be possible 
until holograms are able to 
accurately recreate color 
information. 


The two properties of photons that 
human eyes cannot see are spin (i.e. 
polarization) and wave phase. Note 
that under the right conditions some 
people can detect the overall 
polarization state of an entire light 
beam; but no naked human eye can 
directly see the polarization pattern. 
By looking through rotatable 
polarization filters, which convert 
polarization information to color 
intensity information, a trained 
human can learn to indirectly see the 
polarization pattern of the photons 
coming from an object. An example 
of this is the photoelasticity method 
which allows people to see 
mechanical stresses in certain 
objects. In contrast to humans, some 
animals such as honeybees and 
octopuses can indeed directly see 
the polarization pattern of a 
collection of photons. For instance, 
honeybees can see the natural 
polarization pattern that exists in 
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the daytime sky and use it for 
orientation purposes. Photon wave 
phase can also not be directly 
detected by humans but can be 
detected by machines called 
interferometers. Phase information 
is often used to determine the 
flatness of a reflecting surface. 


In summary, humans can indeed see 
photons. Humans can see all of the 
properties of photons except for spin 
and wave phase. Since photons 
travel in patterns dictated by the 
source that created them or the last 
object that the photons interacted 
with, we usually don't realize we are 
looking at photons at all. Rather, we 
think we are looking at the physical 
objects that are creating and 
scattering the photons. 


Now, perhaps you meant to ask, "Can 
humans ever see a photon in the 
same way we see a Chair?" Again, we 
can see a chair because photons 
bounce off of it in a certain pattern 
representative of the chair and enter 
our eyes. In order to see a photon in 
the same way you see a Chair, you 
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would have to have a bunch of 
photons bounce off of the one 
photon you are trying to "see" and 
then have this bunch enter your eye. 
However, photons never directly 
bounce off of each other, so this 
could never work. Even if photons 
could bounce off of each other, you 
would not see anything special from 
this setup. You would still just see a 
flash light at one point when the 
small bunch of photons strikes your 
retina. When you think you see a 
light beam sitting out in space, such 
as coming from a flashlight, you are 
in reality seeing the dust particles 
along the path of the beam because 
of the photons bouncing off of the 
dust particles. 


Lens 1 Ciliary muscle 


Vitreous 


Optic Nerve 
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The answer really depends on 
how you define "having a color". 
The term "color" refers to visible 
light with a certain frequency, or 
a mixture of visible light 
frequencies. Therefore, the word 
"color" describes the frequency 
content of any type of visible 
light. Anytime visible light is 
present, we can describe it as 
having a certain color. With this 
in mind, there are many different 
ways an object can reflect or emit 
visible light. Thus, there are many 
ways an object can "have a color". 
While a single, isolated, atom can 
reflect or emit visible light in 
several of these ways, it does not 
participate in a// the ways. If you 
define "having a color" very 
narrowly such that it only 
includes certain mechanisms, 
then atoms do not have color. If 
you define "having a color" more 
broadly, then atoms do have a 
color. Let us look at the different 
ways an object can reflect or emit 
visible light and apply each one to 
an atom. 
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1. Bulk reflection, refraction, 


and absorption 

The most common, everyday 
manner in which objects can send 
visible light to our eyes is through 
bulk reflection, refraction, and 
absorption. These three effects 
are all part of the same physical 
mechanism: the interaction of an 
external beam of light with many 
atoms at the same time. When 
white light, which contains all 
colors, hits the surface of a red 
apple, the light waves that are 
orange, yellow, green and blue 
get absorbed by the atoms in the 
apple's skin and converted to 
heat, while the red waves are 
mostly reflected back to our eyes. 
Some of the light is also 
transmitted through the apple 
skin and bent slightly as it goes 
through. We call this bent 
transmission of light "refraction". 
Some materials such as glass 
transmit a lot of the light while 
other materials such as apples 
transmit very little. 


The key point here ts that 
traditional reflection, refraction, 
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and absorption constitute 

a bulk phenomenon where each 
ray of light interacts with dozens 
to millions of atoms at the same 
time. This makes sense when you 
consider that visible light has a 
wavelength that is about a 
thousand times bigger than 
atoms. Visible light waves have a 
wavelength from 400 nanometers 
to 700 nanometers, depending on 
the color. In contrast, atoms have 
a width of about 0.2 nanometers. 
This discrepancy ts why you can't 
see individual atoms using an 
optical microscope. The atoms are 
far smaller than the light you are 
trying to use to see them. The 
color of an object that results 
from traditional bulk reflection, 
refraction, and absorption is 
therefore a result of how several 
atoms are bound together and 
arranged, and not a result of the 
actual color of individual atoms. 
For example, take carbon atoms 
and bind them into a diamond 
lattice, and you get a clear 
diamonds. In contrast, take 
carbon atoms and bind them into 


169 


hexagonal planes and you get 
gray graphite. The nature of the 
bonds between many atoms Is 
what determines the traditional 
color of a material and not the 
type of atoms themselves. If you 
have no bonds at all between any 
atoms, you get a monoatomic 
gas, which ts invisible (at least 
according to traditional reflection, 
refraction, and absorption). 


The color of most of the everyday 
objects around us, from apples to 
pencils to chairs, arises from 
traditional bulk reflection, 
refraction, and absorption. This 
mechanism of light delivery is so 
common and intuitive that we 
could define "having a color" 
narrowly to only include this 
mechanism. With this narrow 
definition in mind, therefore, a 
single atom is too small to have a 
color. 
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Most everyday objects display a color 
because of bulk reflection, refraction, 
and absorption. 


2. Thermal radiation 


Heat up a bar of iron enough and it 
glows red. You could therefore say that 
the color of a hot iron bar is glowing red. 
The red color of the tron bar in this case, 
however, is due to thermal radiation, 
which is a mechanism that is very 
different from bulk reflection, refraction, 
and absorption. In the mechanism of 
thermal radiation, the atoms of an object 
knock into each other so violently that 
they emit light. More accurately, the 
collisions cause the electrons and atoms 
to be excited to higher energy states, 
and then the electrons and atoms emit 
light when they transition back down to 
lower energy states. Since the collisions 
due to thermal motion are random, they 
lead to a wide range of energy 
excitations. As a result, the thermal 
radiation emitted contains many colors 
that span a broad band of frequencies. 
The interesting thing about thermal 
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radiation is that its color is more a result 
of the temperature of the object and less 
a result of the material of the object. 
Every solid material glows red if you can 
get it to the right temperature without it 
evaporating or chemically reacting. The 
key to thermal radiation is that it is an 
emergent property of the interaction of 
many atoms. As such, a single atom 
cannot emit thermal radiation. So even if 
we expand the definition of "having a 
color" to include thermal radiation, 
individual atoms still have no color. 


= 
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Red hot objects such as molten rock 
display color through thermal radiation. 


3. Rayleigh scattering: 

More informatively called "long- 
wavelength scattering", Rayleigh 
scattering is when 

light does bounce off of single 
atoms and molecules. But 
because the light is so much 
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bigger than the atoms, Rayleigh 
scattering is not really the 
"bouncing" of a light wave off of a 
small particle such as an atom, 
but is more a case of immersing 
the particle in the electric field of 
the light wave. The electric field 
induces an oscillating electric 
dipole in the particle which then 
radiates. Because the mechanism 
is so different, Rayleigh 
scattering of white light off of 
small particles always creates the 
same broad range of colors, with 
blue and violet being the 
strongest. The color of Rayleigh 
scattering is always the same 
(assuming the incident light is 
white) and is mostly independent 
of the material of the scattering 
object. 


Therefore, a single 

atom does have a color in the 
sense that it participates in 
Rayleigh scattering. For example, 
earth's atmosphere is composed 
mostly of small oxygen molecules 
(O2) and nitrogen molecules (N2). 
These molecules are far enough 
apart that they act like single, 
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isolated molecules. When the 
daytime white sunlight hits 
isolated air molecules, it scatters 
according to Rayleigh scattering, 
turning the sky whitish-bluish- 
violet. The fact that we can see 
the daytime sky attests to the 
fact that small, individual 
molecules can exhibit some form 
of color. While we are talking 
about small molecules when it 
comes to the sky, the same 
principle applies to single atoms. 
Properly understood, the color in 
Rayleigh scattering belongs more 
to the interaction itself than to 
the actual types of atoms 
involved. Just because the sky Is 
blue does not necessarily mean 
that nitrogen atoms are blue. 
Raman scattering is much rarer 
than Rayleigh scattering, but is 
nearly identical in the context of 
this discussion. Raman scattering 
is different in that some of the 
energy of the incident light is lost 
internally to the particle so that 
the scattered light is shifted 
lower in frequency. 


The daytime sky is an an example 
of how single, small molecules 
can exhibit color via Rayleigh 
scattering. 


4. Gas Discharge 

Gas discharge (e.g. a Neon light) 
is perhaps the mechanism that 
would best fit the notion of an 
individual atom "having a color". 
Gas discharge is what happens 
when you take pure atoms, 
isolate them from each other ina 
low-density gas state and then 
excite them using an electric 
current. When the atoms de- 
excite, they emit visible light. The 
key here is that a particular atom 
can only being excited, de- 
excited, and emit light in certain 
ways. This leads to the color of an 
atom during gas discharge being 
very strongly tied to the type of 
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atom involved. The frequency 
spectrum of an atom during gas 
discharge is considered the color 
"fingerprint" of that particular 
type of atom. For instance, true 
neon Signs are always red 
because neon atoms themselves 
are red under gas discharge. 
Argon atoms are lavender under 
gas discharge, while sodium 
atoms are yellow and mercury 
atoms are blue. Many of the 
colors generated by "Neon" lights 
are attained by mixing different 
gases together. The "flame test" 
used in chemistry to detect 
certain atoms is essentially a 
less-controlled, less-pure version 
of a gas discharge lamp. 


Note that florescence (such as in 
a florescent light bulb), 
phosphorescence, and gas laser 
emission are all similar to gas 
discharge in that they involve 
exciting electrons in single atoms 
or simple molecules. As opposed 
to gas discharge, which forces an 
atom to emit all of its 
characteristic colors; florescence, 
phosphorescence, and laser 
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emission all involve exploiting 
certain transitions so that only 
certain atomic colors are emitted. 
They can be considered special 
cases of gas discharge, as far as 
atomic color characterization is 
concerned. 


There are many other ways an 
object or material can emit or 
reflect visible light; such as 
through semiconductor electron- 
hole recombination (in LED's), 
Cherenkov radiation, chemical 
reactions, synchrotron radiation, 
or sonoluminescence; but all of 
these involve the interaction of 
many atoms or no atoms at all, 
and so are not pertinent to the 
current discussion. 


In summary: in the sense of 
traditional reflection, refraction, 
absorption, and thermal 
radiation, individual atoms are 
invisible. In the sense of Rayleigh 
scattering and gas discharge 
atoms do have a color. 


Neon signs are an example of how 
single atoms can exhibit color 
through gas discharge. 


Does the back of a rainbow 
look the same as Its front side? 


A rainbow does not have a back side. 
If you were to walk completely to the 
other side of the mist cloud that is 
creating the rainbow and turn 
around, you would not see a rainbow. 
You have to realize that a rainbow is 
not a stationary physical object. 
Instead, it is a pattern of light that 
becomes a stable image only when 
you look at it from the right angle. 
You may not have noticed it, but 
every time you look directly at the 
center of a rainbow, the sun is 
directly behind your head. This is the 
only angle at which the light pattern 
that constitutes the rainbow can 
enter your eye and therefore lead 
you to see it. 
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The sun is always in the opposite 
part of the sky from the center of the 
rainbow. This is because a rainbow is 
actually just sunlight which has been 
refracted and reflected. Refraction 
occurs when the sunlight enters and 
leaves the small spherical water 
droplets that constitute the mist. 
This refraction is what causes the 
rainbow's spread of colors and 
arching shape. However, the overall 
location of the rainbow is determined 
mostly by the step in the process 
where the sunlight is reflected off of 
the inner back surface of the water 
droplets. The sunlight that reflects 
only once off the inner back side of 
the mist droplets is what constitutes 
the primary rainbow. Additionally, a 
small amount of the sunlight reflects 
twice off the inner back surface. This 
light consequently comes out of the 
mist droplet at a slightly different 
angle, leading to the secondary bow. 
The secondary bow Is always there, 
but it is so dim that humans can only 
see it during clear viewing 
conditions. This second reflection 
only changes the light's direction a 
Small amount. As a result, both the 
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primary bow and the secondary bow 
can only be seen when looking away 
from the sun. Furthermore, neither 
one can be seen from the back side, 
i.e. when looking toward the sun. 


This point brings up other 
interesting questions. Can't some of 
the sunlight pass through the back 
side of the water droplet without 
being reflected? Wouldn't this light 
be visible from behind the rainbow? 
The answers are yes and yes. 
Although it is only a small amount, 
some of the sunlight that enters a 
mist droplet indeed continues 
through the back side without being 
reflected. Therefore, if you were to 
walk to the other side of the cloud of 
mist that is creating the rainbow and 
turn around, you would indeed see a 
pattern of light (if the viewing 
conditions are favorable). However, 
it would not be a rainbow. It would 
be a pattern called an "atmospheric 
solar corona", as shown below. A 
solar corona still includes an arcing 
Shape and a spread of colors, but the 
size and color sequence of a solar 
corona are different that of a 
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rainbow. Since most of the sunlight 
that enters the mist droplet is 
reflected and not transmitted 
through, rainbows are very bright 
and common while solar coronas are 
dim and rare. Additionally, since you 
are behind the rainbow, you are now 
looking directly toward the sun. The 
sun's glare therefore makes it hard 
to see the solar corona. 


Solar corona as seen just after 
sunrise. 
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Can space ships fly faster than 
light? 

Nothing can travel faster than light. 
This ts not a question of technology, 
but of fundamental physics. Special 
relativity tells us that nothing can 
travel faster than the speed of light 
in vacuum (671 million mph or 300 
million meters per second). This 
limitation applies to baseballs, 
protons, space ships, and cell phone 
Signals. No alien species, no matter 
how advanced, can travel faster than 
light. Universal physics forbids it. As 
objects approach the speed of light, 
they get harder and harder to 
accelerate further. It would take an 
infinite amount of energy to exactly 
reach the speed of light, let alone 
pass it. This fact is proven everyday 
in particle accelerators such as the 
Large Hadron Collider (LHC) built by 
CERN. The LHC currently accelerates 
very small bunches of protons to 
99.999997% the speed of light 
(planning to reach 99.9999991% the 
speed of light by 2015). The LHC 
uses 800,000,000 kilowatt-hours of 
energy a year to get tiny bunches of 
protons up to these speeds. That's as 
much energy as released by 30 
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plutonium-core nuclear bombs. All 
that energy is used to get a handful 
of hydrogen nuclei close to the speed 
of light. Movies and television shows 
that depict space ships traveling 
faster than light are portraying pure 
fiction. While nothing can travel 
faster than light, this limitation does 
not necessarily rule out rapid travel 
to the stars. Physics has not yet 
invalidated the concept of 
wormholes, which are shortcuts to 
other parts of the universe by 
curving spacetime. Shows that 
depict faster-than-light speeds are 
physically unrealistic, while those 
that accomplish interstellar travel 
through wormholes could be more 
realistic. Fiction writers and 
producers purposely break this law 
of physics to enable their heroes to 
travel to alien planets without taking 
thousands of years to do it. 
Sometimes authors work around this 
speed limitation by putting planets 
and stars unrealistically close, but 
doing so does not make the science 
more credible 
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Voyager I took 36 years to leave our 
solar system. Real space travel is very 
time consuming because nothing can go 
faster than light and everything ts so far 
apart. 


Why is light pure energy? 

Light is not pure energy. While it is 
true that light has no mass, this fact 
does not imply that light is pure 
energy. Light is composed of 
fundamental quantum objects called 
photons which we list alongside 
other fundamental quantum objects 
such as electrons and neutrinos. 
Each object on this list contains 
several different properties which 
determine how the object behaves. 
Mass and kinetic energy are only two 
of several properties that a 
fundamental quantum object can 
carry. Saying that light is "pure 
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energy" would imply that light only 
carries the property of energy and 
no other properties, which is simply 
not true. A single photon, which is 
the smallest bit of light possible, 
carries the following properties: 


Wavelength - This is the spatial 
distance between the peaks of the 
photon's wave. 


Frequency - This is the number of 
times that the wave reaches a peak 
in a unit time at a fixed location. The 
human perception of the color of 
light is very closely related to the 
light's frequency. Therefore, the 
word "frequency" can loosely be 
used interchangeably with the word 
"color". 


Wavevector - This is the photon's 
direction of propagation, as well as 
the number of wave peaks that exist 
in a unit length. 


Period - This ts the time between two 
peaks of the photon's wave at a fixed 
location. 


Speed - This is the rate at which the 
photon travels through space, which 
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is always 299,792, 458 meters per 
second. 

Position - This ts the physical 
location of the photon in space. 
Although the position of an 
individual photon is not well defined 
and contains intrinsic uncertainty 
while it exists, a photon does carry 
some degree of location information, 
thus enabling us to record images in 
a digital camera based on where the 
photons hit the sensor. 


Wave Phase - This is the relative 
location of the wave peaks of two 
different photons, and is important 
in properly describing interference 
effects. 


Momentum - This is a motional 
property that describes light's ability 
to collide with other objects and get 
them moving. 

Spin - This is a quantum property 
that loosely resembles the type of 
spinning we see in everyday life. The 
spin of a photon is also called its 
polarization state and represents an 
Intrinsic angular momentum. 
Photons have integer spin, are 
therefore bosons, and thus do not 
obey the Pauli exclusion principle. 
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This means that photons can exist In 
the same state, such as in laser 
beams. 


A Quantized Electromagnetic Field - 
A photon contains electromagnetic 
fields. More accurately, a photon Is a 
quantized ripple in the overall 
electromagnetic field. As such, 
photons are able to interact with 
electric charge. Particles with 
electric charge can create photons, 
destroy photons, and scatter 
photons. Also, photons can exert 
forces on charged particles. 
Furthermore, photons obey the 
principles and equations of quantum 
field theory. 


Kinetic Energy - This ts the energy of 
the light due to its motion. Note that 
because a photon has no mass, Its 
kinetic energy equals its total 
energy. The energy of light allows it 
to create a gravitational field 
according to General Relativity. 


As should be obvious, energy is just 
one of many properties that photons 
carry. Photons are much more than 
“pure energy". Photons can exist just 
fine without having mass since they 
carry many other properties to make 
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them physically real. Note that many 
of the properties listed above are 
very closely related to each other. 
You could even argue that many of 
the properties listed above are not 
independent properties, but are 
simply slightly different ways of 
defining the other properties. For 
instance, the energy E of a photon 
equals its frequency f times a 
constant, E = hf. Similarly, the 
momentum p of a photon equals its 
wavevector k times a constant, p = 
hk. Also, the period T is just the 
inverse of the linear frequency f, T = 
1/f, the wavelength A is just the 
inverse of the wavevector magnitude 
k times 21, A = 211/k, and the speed c 
is just the frequency times the 
wavelength, c = fà. Despite the 
possibility that some of the 
properties listed above can be seen 
as redundant, this does not change 
the fact that photons exhibit many 
more properties than just their 
energy. 


There are also some properties that 
photons do not exhibit, simply by 
their nature of being photons. The 
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following list denotes properties that 
photons do not have: 


electric charge 
lepton number 
baryon number 
flavor quantum numbers 


magnetic moment (although a 
photon may indirectly have a 
magnetic moment through pair 
creation effects) 


mass 


As we see, mass is just one of many 
properties that a fundamental object 
may or may not have. As such, the 
presence of mass does not confer on 
an object any extra degree of 
physical reality, even though mass Is 
the property that we are most 
familiar with in everyday life. 
Furthermore, the absence of mass 
does not make an object any more 
"pure". We are so familiar with mass 
in everyday life that we may be 
tempted to say, "an object with no 
mass does not really exist." But this 
statement is false. The more 
accurate statement would be, "an 
object with no physically observable 
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properties does not really exist." 
Since there are so many fundamental 
properties besides mass, we see that 
objects can exist just fine without it. 
Again, the lack of mass does not 
automatically imply that the object is 
pure energy, since there are so many 
other properties involved. Note that 
mass is actually just another form of 
energy. The total energy of a 
fundamental object is its mass 
energy plus its kinetic energy (note 
that potential energy is held by 
systems of objects and not by single 
objects). 


Interestingly, if we combine many 
photons into a beam of light, we can 
encode information such as images 
in the pattern of the photons. Each 
of the photon's properties listed 
above can be exploited to carry 
information. For instance, human 
eyes, conventional cameras, and 
traditional space telescopes extract 
photon position and frequency 
(color) information from a group of 
photons in order to form images. 
Radio antennas vary the frequency 
(FM) or the photon count (AM) along 
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the length of the radio waves that 
they create in order to encode 
information. Interferometers such as 
used in some space telescopes 
measure the phase properties of the 
photons in a beam to extract 
information about the source that 
created the beam. A light field 
camera extracts photon position, 
frequency, and wavevector 
directionality from a group of 
photons in order to capture three- 
dimensional photographs. If light 
was just "pure energy", then human 
eyes, Cameras, radio antennas, and 
Space telescopes would not function 


10. MAGNETISM 
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Why don't galaxies have a natural 
magnetic field like the earth 
does? 


Each galaxy does have a natural 
magnetic field, but it is weak. The 
magnetic field of our galaxy is about 
100 times weaker than the magnetic 
field of the earth. The magnetic field 
of a galaxy has two basic 
components: a large-scale ordered 
pattern that mimics the shape of the 
galaxy, and a small-scale random 
pattern. The magnetic field 
component that has a random 
pattern is about two times stronger 
than the large-scale magnetic field 
component. As a result, you can only 
detect the ordered pattern of a 
galaxy's magnetic field if you make 
many measurements at different 
locations and average away the 
random pattern. If you were to place 
a space probe at some point in 
interstellar space and have it take a 
single measurement of the magnetic 
field, it would mostly be measuring 
the small-scale random aspect of the 
field. For this reason, such a 
measurement could not be used to 
determine the space probe's 
orientation or location in the galaxy. 
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In other words, a magnetic compass 
in interstellar space would not point 
to some kind of galactic north pole. 
On the other hand, if the space 
probe took many measurements at 
widely separated locations and 
averaged them, it could detect the 
large-scale pattern of the galactic 
magnetic field and use it for 
navigational purposes, assuming 
that the space probe already knew 
the large-scale pattern. 


The large-scale galactic magnetic 
field component has the following 
pattern: the magnetic field lines lie 
parallel to the plane of the galaxy 
and trace out giant azimuthal spirals 
emanating from the center of the 
galaxy. These spiralling magnetic 
field lines coincide with the spiral 
arms of the galaxy. Interestingly, 
these field lines point in different 
directions on different spiral arms, 
some pointing along the spiral arms 
toward the galactic center and 
others pointing along the spiral arms 
away from the galactic center. The 
galaxy's magnetic field is strongest 
in and near the plane of the galaxy 
since that is where most of the 
matter exists. It gets weaker as you 
go away from the galactic plane. 
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The magnetic field of a galaxy is 
created in a similar way to how 
earth's magnetic field is created: 
through the dynamo effect. The 
charged interstellar gas throughout 
the galaxy is moving through space 
as part of the galaxy's overall 
rotation. Whenever charged particles 
move, they create a magnetic field. 
The moving interstellar gas therefore 
creates a magnetic field. But this is 
not the end of the story. The 
magnetic field then acts back on the 
charged gas particles, influencing 
their motion in such a way so as to 
amplify the magnetic field at the cost 
of the particles’ kinetic energy. A 
complex, self-amplifying interplay of 
moving gas particles and magnetic 
fields results which tends to form a 
long-term, stable, large-scale 
galactic magnetic pattern. 


Is strongest magnetic field 
possible? Is there a limit? 


There is no firmly-established 
fundamental limit on magnetic field 
strength, although exotic things 


194 


start to happen at very high 
magnetic field strengths. 


A magnetic field exerts a sideways 
force on a moving electric charge, 
causing it to turn sideways. As long 
as the magnetic field is on, this 
turning continues, causing the 
electric charge to travel in spirals. 
Once traveling in spirals, an electric 
charge acts like a small, oriented, 
permanent magnet and is therefore 
repelled from regions of high 
magnetic field gradient. Therefore, 
electric charges tend to spiral 
around magnetic field lines and be 
pushed away from regions where 
magnetic field lines bunch up. These 
two effects cause electric charges to 
get trapped along magnetic field 
lines that are strong enough. 
Examples of this effect include ions 
trapped in earth's ionosphere, 
radiation trapped in earth's radiation 
belts, hot plasma looping over the 
sun's surface in solar prominences, 
and plasmas contained in the 
laboratory using magnetic traps. 


The stronger the magnetic field gets, 
the more violently an electric charge 
is pushed sideways by the magnetic 
field, the faster and tighter it 
therefore spirals around in circles, 


195 


and the stronger it gets pushed away 
from regions of high magnetic field 
gradient. Interestingly, all normal 
objects are made out of atoms, and 
all atoms are made out of electric 
charges: electrons and protons. 
Therefore, strong enough magnetic 
fields have the ability to deform and 
even break objects. When a 
magnetic field gets stronger than 
about 500,000 Gauss, objects get 
ripped to pieces by the intense 
forces. For this reason, scientists 
cannot build a machine that creates 
a magnetic field stronger than 
500,000 Gauss and survives longer 
than a fraction of a second. Strong 
enough magnetic fields therefore 
destroy objects as we know them. 
Note that the magnetic fields used in 
medical MRI scanners are much 
weaker than 500,000 Gauss and are 
perfectly safe when used properly. 


While the destructive nature of 
strong magnetic fields places a 
practical limit on how strong of a 
field earthlings can create, it does 
not place a fundamental limit. 
Magnetic fields that surpass about a 
billion Gauss are so strong that they 
compress atoms to tiny needles, 
destroying the ordinary chemical 
bonds that bind atoms into 
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molecules, and making chemistry as 
we know it impossible. Each atom is 
compressed into a needle shape 
because the electrons that fill most 
of the atom are forced by the 
magnetic field to spin in tiny circles. 
While such extremely strong 
magnetic fields are not possible on 
earth, they do exist in highly- 
magnetized stars called magnetars. 
A magnetar is a type of neutron star 
left over from a supernova. The 
intense magnetic field of a magnetar 
is created by superconducting 
currents of protons inside the 
neutron star, which were established 
by the manner in which the matter 
collapsed to form a neutron star. 


In a review paper presented at the 
Fifth Huntsville Gamma-Ray Burst 
Symposium, Robert C. Duncan 
summarized many of the 
theoretically-predicted exotic effects 
of magnetic fields that are even 
stronger: 


"In particular, | describe how ultra- 
strong fields 


- render the vacuum birefringent 
and capable of distorting and 
magnifying images ("magnetic 
lensing"); 
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. change the self-energy of 
electrons: as B increases they are 
first slightly lighter than m., then 
slightly heavier; 

. cause photons to rapidly split and 
merge with each other; 

- distort atoms into long, thin 
cylinders and molecules into 
strong, polymer-like chains; 

- enhance the pair density in 
thermal pair-photon gases; 

. Strongly suppress photon-electron 
scattering, and 

- drive the vacuum itself unstable, 
at extremely large B." 


At the most extreme end, a magnetic 
field that is strong enough could 
form a black hole. General Relativity 
tells us that both energy and mass 
bend spacetime. Therefore, if you 
get enough energy in one region, 
then you bend spacetime enough to 
form a black hole. The black hole 
does not destroy the magnetic field, 
it just confines it. Even stronger 
magnetic fields create larger black 
holes. It is currently not known 
whether this is actually possible, as 
there may be unknown mechanisms 
that limit a magnetic field from ever 
getting this strong. 
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Certain unconfirmed extensions of 
current theories state that there is a 
fundamental limit to the strength of 
a magnetic field. For instance, ifa 
magnetic field gets too strong, it 
may create magnetic monopoles out 
of the vacuum, which would weaken 
the magnetic field and prevent it 
from getting any stronger. However, 
since there is currently no evidence 
that magnetic monopoles actually 
exist, this purported limit is likely 
not real. We may someday discover a 
fundamental limit to the magnetic 
field strength, but there is currently 
no experimental evidence or well- 
established theoretical prediction 
that a limit exists. 
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Li. 
MOON 


How can astronomers know things 
for certain since they only look at 
Space from one vantage point? 


Astronomers do not look at space 
objects from only one vantage point. 
You may think that since we are 
stuck on earth looking out towards 
Space, we can only see space objects 
from a single viewing angle, and 
therefore our knowledge is limited. 
For instance, you may think that 
perhaps there is an alien city on the 
far side of the moon, but we don't 
know for sure because we can't see 
the far side of the moon from earth. 
Actually, there are several ways in 
which astronomers do 

indeed observe space objects from 
multiple vantage points. 


1. Space Probes and Manned 
Space Voyages. 

In reality, humans are no longer 
confined to the earth. Over 500 
humans have voyaged into space and 
a dozen of humans have even walked 
around on the moon. Furthermore, 
hundreds of space probes have 
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ventured all over the solar system. 
All of these astronauts and space 
probes have allowed us to observe 
the sun, the moon, and the planets 
in our solar system from many 
different vantage points. Although 
the far side of the moon is constantly 
hidden from earth's view, we know 
there is no alien city there because 
numerous space probes and 
astronauts have seen the far side of 
the moon. (You can look at the far 
side yourself, if you are curious.) 
Many space probes are specifically 
sent to continually orbit space 
objects such as the moon or Mars, 
and therefore are able to look at 
these objects from 

effectively a// angles. 


2. The Rotation of Space 


Objects. 

Most stars, planets, and moons spin 
around their own axis. This means 
that every moment in time, 
telescopes are looking at a specific 
Space object at an angle that is 
different from that of previous 
moments. For instance, the sun 
rotates once about its own axis 
about every 30 days (the sun's 
equator spins faster than its polar 
regions, but that does not concern us 
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here). If you take pictures of the sun 
continuously for 30 days as it 
rotates, then you have a photo 
collection of what the sun looks like 
from all vantage points. SOHO does 
just that. Note that the sun is a 
turbulent ball of bubbling plasma, so 
its surface features are slowly 
evolving. But thanks to Its rotation, 
we are able to see what a particular 
sunspot looks like from the top, from 
the side, and from all sorts of other 
angles. 


3. Repeated Objects with 
Different Orientations. 

The observable universe is very big 
and is filled with very many objects. 
As a result, we can find many objects 
that are nearly identical to each 
other scattered throughout the 
universe. These objects are typically 
oriented differently in space, so that 
from earth we are able to effectively 
view the same object from many 
different angles. For instance, there 
are billions of spiral galaxies in the 
observable universe, all oriented 
differently in space. By looking at 
many of these different spiral 
galaxies, we are able to effectively 
look at one spiral galaxy from many 
different vantage points (insofar as 
general features are concerned). We 
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have found that spiral galaxies have 
a central, round bulge, and an outer 
disc of spiralling arms. Much of the 
certainty in astronomy comes from 
looking at many different objects 
that are all of the same class and 
amassing data from all of them into 
a coherent whole. 


4. Repeated Observations 


using Different Methods. 

There are more ways to "look" at an 
object than with our eyes or with a 
camera that captures what our eyes 
see. Even if we observe a space 
object from only a single viewing 
angle, we can effectively see it from 
different vantage points using 
different observation methods. For 
instance, we can look at a star using 
a camera that captures radio waves, 
microwaves, infrared waves, 
ultraviolet rays, x-rays, or gamma 
rays. We can measure the star's 
composition using spectral analysis. 
We can measure a star's relative 
velocity using redshift observations. 
In this way, certainty about a star's 
nature can be established by 
observing it using many different 
methods, and checking to make sure 
all these observations agree. 


The gravity of the moon causes 
ocean tides on earth. How does 
centrifugal force cause the far-side 
bulge? 


The tidal bulge on the far side of 
the earth is not caused by 
centrifugal force. It is caused by 
the exact same thing the near- 
side bulge is caused by: the 
moon's gravity. Furthermore, 
tidal effects are not caused by the 
overall strength of gravity like 
planetary orbits are. Rather, tidal 
effects are instead caused by 
gravitational gradients, which are 
differences in gravity from one 
point on earth to the next. These 
differences in the gravitational 
field arise from the fact that the 
moon's gravity spreads out into 
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Space radially in all directions and 
weakens with distance. In fact, 
both the sun's and the moon's 
gravity add together to create the 
tidal bulges. 


The bulge on the near side is not 
caused by the water being 
attracted to the moon by its 
overall gravitational force. 
Instead, both tidal bulges are the 
response of ocean water to the 
gravitational gradient of the 
moon and the earth, as explained 
in the textbook "Planetary 
Sciences" by Imke de Pater and 
Jack J. Lissauer. 


In the gravitational-gradient 
effect, not all points on the earth 
are attracted to the moon. If we 
ignore the sun for a moment, the 
ocean water is attracted towards 
the axis of the earth that points 
to the moon, and then out along 
the axis as shown in the picture. 
As a result, the ocean squashes 
into a football shape. The ocean's 
tidal bulges are like taking a 
spherical balloon and squeezing 
on the sides until the top and 
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bottom bulge out. Even if the 
earth stopped spinning, there 
would still be two tidal bulges. 
The spinning of earth does lead to 
centrifugal-force-caused bulging, 
known as equatorial bulging, but 
it is a different effect from tidal 
bulging. 


The white arrows show the direction of 
the tidal forces due to the gravitational 
gradient of the moon. The ocean 
responds to these forces by bulging up 
on the near and far side of the earth 
relative to the moon. The effect of the 
sun's gravity is omitted here for 
simplicity. 
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What is it about a full moon that makes 
people do crazy things and commit 
crimes? 

There are no statistically significant 
records indicating any connection 
between crime waves or full 
hospitals and the full moon, 
according to the National Geographic 
News. This misunderstanding 
perhaps has its source in a long line 
of mythology. Werewolves were said 
to be humans that turned into 
wolves during the full moon. The 
sophisticated culture of today 
perhaps modernized this myth to say 
that people only act like wolves 
during full moons, but don't actually 
turn into wolves. The werewolf myth 
has its roots in another myth; the 
belief that real wolves howl at the 
full moon but not at any other kind 
of moon. This particular belief, which 
is scientifically false, traces all the 
way back to the mythology of the 
Greek and Roman gods. 


The moon's gravity is strong enough 
to help cause the ocean tides, but 
too weak to do much else. Weak 
forces only produce significant 
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effects when there is a lot of 
material to act on. In the case of the 
moon, the immense size of the 
oceans and their fluid nature makes 
the weak gravity of the moon add up 
to significant effects in the form of 
tides. In contrast, humans are so 
Small compared to the oceans, that 
the effect of the moon's gravity on 
humans ts negligible. Even if the 
moon's gravity was strong enough to 
affect humans, it would do nothing 
more than make us slightly heavier 
or lighter. Gravity is just a force that 
pulls on mass. Gravity does nothing 
mystical or psychological to the 
objects it acts on. 


The full.moon has no effect on human or 
wolf behavior. 


Why does the moon get bigger when 
it's closer to the horizon? 


The moon stays approximately the 
Same size, whether measured by 
apparent size or actual size. Actual 
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size is the number you would 
measure if you went to the moon 
with a long ruler. It would take a 
cataclysmic event such as collision 
with a planet to change the actual 
size of the moon. Apparent size is 
the angular diameter that an object 
takes up in a camera's field of view 
and depends on both actual size and 
distance. The apparent size would 
change if the moon moved 
Significantly away from the earth. 
But it doesn't. According to "The 
Moon Book" by Kim Long, the 
distance of the moon from the earth 
only changes by about 10%. This 
means that the observed diameter of 
the moon only changes by 10% 
throughout the month. This small 
variation of the moon's apparent size 
is easily verified with a camera. We 
only think the moon looks bigger on 
the horizon because of a 
psychological trick. When the moon 
is low, we can visually compare it to 
distant mountains and conclude that 
the moon is much bigger than a 
mountain. But when the moon is 
high, there is nothing to compare it 
to, so our minds perceive it to be 
smaller. The exact mechanism is still 
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debated by psychologists, as set 
forth in the book "The Moon Illusion" 
by Maurice Hershenson. 
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Why does the moon's gravity cause 
tides on earth but the sun's gravity 
doesn't? 

The ocean tides on earth are caused 
by both the moon's gravity and the 
sun's gravity. In general, ocean tides 
are not generated by the overall 
strength of gravity, but instead by 
the differences in gravity from one 
spot to the next (the gravitational 
gradient). Even though the sun is 
much more massive and therefore 
has stronger overall gravity than the 
moon, the moon is closer to the 
earth so that its gravitational 
gradient is stronger than that of the 
sun. Because ocean tides are the 
effect of ocean water responding to a 
gravitational gradient, the moon 
plays a larger role in creating tides 
than does the sun. But the sun's 
gravitational gradient across the 
earth is significant and it does 
contribute to tides as well. 


As detailed in "The Moon Book" by 
Kim Long, the ocean tides we 
experience on earth are caused by 
the sum of the moon's gravitational 
gradient and the sun's gravitational 
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gradient. When the sun and the 
moon are aligned, or nearly aligned, 
their gravitational gradient fields 
add together constructively, leading 
to extra strong tides (high tide is 
extra high and low tide is extra low). 
This alignment happens when the 
moon is a new moon or a full moon, 
which occurs about every two weeks. 
The moon takes about a month to 
orbit the earth, hence strong tides 
occur about twice a month. In 
contrast, when the sun and the moon 
are unaligned, their gravitational 
gradients tend to cancel out, leading 
to weak tides (high tide is not very 
high and low tide is not very low). 
But even when the sun and moon are 
perfectly unaligned (they form a 90 
degree angle relative to the earth), 
there are still tides because the 
moon's gravitational gradient is 
stronger than the sun's. The sun's 
gravitational gradient never 
completely cancels out the moon's. 
The biweekly strong tides are called 
“spring tides" even though they 
occur all year long. The name does 
not refer to the season "Spring", but 
to the verb "spring" which means to 
leap forth, because the strong high 
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tides leap higher up the shore. The 
biweekly weak tides are called "neap 
tides". 


Note that the position of the moon 
and sun relative to the earth just 
causes the two-week cycle of strong 
and weak tides. The daily pattern of 
high and low tides is not caused by 
the changing position of the sun and 
moon, but is directly caused by the 
rotation of the earth. Because the 
earth takes one day to rotate about 
its own axis, the high tide/low tide 
cycle repeats twice a day. In truth, 
the tidal bulges of ocean water are 
fixed relative to the sun and moon, 
and the earth is rotating underneath 
these bulges. Just like the earth's 
rotation makes the sun appear to 
rise and set every day, it makes the 
tidal bulges appear to sweep across 
the earth, when in reality the earth 
is rotating under the tidal bulge. The 
reason that there are two 
high-tide/low-tide cycles every day is 
because there are two tidal bulges 
and not one. The fact that there are 
two tidal bulges is a direct result of 
the gravitational gradient being the 
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cause of tides and not the overall 
strength of gravity being the cause. 
The two-week cycle and the half-day 
cycle of the tide can be seen in the 
chart below. Note that the actual 
tidal patterns from one specific 
location to the next varies because 
of local factors such as water depth, 
shore shape, and ocean currents. 


Biweekly Neap Tides 
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from the moon's gravity is shown in 
white. The actual tide is effectively 
the sum of the two. Note that the 
sizes and distances are not to scale. 


Is actually the moon so bright? 


The moon is actually quite dim, 
compared to other astronomical 
bodies. The moon only seems 
bright in the night sky because it 
is so Close to the earth and 
because the trees, houses, and 
fields around you are so dark at 
night. In fact, the moon is one of 
the least reflective objects in the 
solar system. The DSCOVER 
Spacecraft captured this single 
photograph of the moon and the 
earth. Both the earth and the 
moon are illuminated by the same 
amount of sunlight coming from 
the same angle in this photo. As 
you can see in this photo, the 
earth is much brighter than the 
moon. 


In general, we can see objects 
because they direct light into our 
eyes (or into cameras which 
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record information that is later 
used by display screens to direct 
light into our eyes). There are two 
main ways that an object can 
direct light into our eyes. Either 
the object creates new light or it 
reflects light that already existed. 
Objects that create light tend to 
also reflect ambient light, so that 
they tend to be the brightest 
objects around. Examples include 
campfires, light bulbs, candle 
flames, and computer screens. In 
terms of astronomical bodies, 
Stars are the main objects that 
create significant amounts of 
visible light, and therefore are 
some of the brightest objects in 
the universe. In contrast, planets 
and moons do not generate their 
own visible light*. If a planet 
somehow became large enough to 
initiate nuclear fusion and begin 
glowing, it would no longer be a 
planet. It would be a star. 


Since planets and moons do not 
emit light, the only reason we can 
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see them is because they reflect 
light from some other source. The 
strongest source of light in our 
solar system is the sun, so usually 
we see planets and moons 
because they are reflecting 
sunlight. The amount of sunlight 
incident on a moon or planet that 
gets reflected depends on the 
materials in its surface and 
atmosphere as well as its surface 
roughness. Snow, rough ice, and 
clouds are highly reflective. Most 
types of rock are not. Therefore, a 
planet that is covered with 
clouds, such as Earth or Venus, is 
generally brighter than a rocky 
moon or planet that has no 
atmosphere. 


There are two main types of 
reflectivity: specular reflectivity 
and diffuse reflectivity. Specular 
reflectivity measures how much of 
the incoming light gets reflected 
by the object in the direction 
given by the mirror angle. In 
contrast, diffuse reflectivity 
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measures how much light gets 
reflected in all directions. A 
mirror has high specular 
reflectivity and low diffuse 
reflectivity. In contrast, sand has 
low specular reflectivity and high 
diffuse reflectivity. In everyday 
life, we experience specular 
reflectivity as the perception of 
mirror images and glare spots on 
the surface of objects. We 
experience diffuse reflectivity as 
a somewhat uniform brightness 
and color that exists on the 
surface of the object and is 
roughly the same no matter what 
our viewing angle is. Many 
objects display significant 
amounts of both specular 
reflectivity and diffuse 
reflectivity. For instance, a red 
polished sports car looks red from 
all angles because of its diffuse 
reflectivity, while at the same 
time displays bright spots of glare 
because of its specular 
reflectivity. In general, 
roughening a surface tends to 
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increase its diffuse reflectivity 
and decrease its specular 
reflectivity. This is true because a 
rough surface has many little 
reflecting planes all oriented 
differently which scatter light in 
many different directions. In fact, 
the easiest way to turn a strong 
specular reflector into a strong 
diffuse reflector is to roughen it 
up. For instance, take a smooth 
sheet of ice and scratch it up. You 
turn a surface that is bright only 
in the mirror direction of the light 
source into a surface that bright 
in all directions. 


When it comes to planets and 
moons, the surface roughness is 
quite high. For this reason, their 
overall brightness is best 
described by their diffuse 
reflectivity. There are several 
ways to define and measure the 
diffuse reflectivity. In the context 
of planets and moons, the 
common and perhaps most useful 
way is to define it in terms of 
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“bond albedo". The bond albedo is 
the average amount of total light 
scattered by the body in any 
direction, relative to the total 
amount of light that is incident. A 
bond albedo of 0% represents a 
perfectly black object and a bond 
albedo of 100% represents an 
object that scatters all of the 
light. The earth has a bond albedo 
of 31%. In contrast, the moon has 
a bond albedo of 12%. To bring 
this closer to home, the moon has 
the same bond albedo as old 
asphalt, such as is found in roads 
and parking lots. 


Photo of the moon and earth when 
illuminated directly by sunlight, as taken by 
the DSCOVER spacecraft on July 16, 2015. 
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Object Bond Albedo 


Triton 


85% 
31% 
1% 
9% 
5% 


2 


Mars 
Titan 20% 
Mercury 12% 


Moon 12% 
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As this table makes clear, the moon 
is one of the dimmest objects in our 
solar system. If Triton, one of 
Neptune's moons, were to become 
the moon of the earth, then it would 
be about seven times brighter in the 
night sky than our current moon. 
Triton is bright because almost all of 
its surface is covered by several 
layers of rough ice. In contrast, 
earth's moon is so dark because it 
contains very little ice, snow, water, 
clouds, and atmosphere. The moon 
consists mostly of rock dust and dark 
rocks that are similar in composition 
to rocks on earth. The albedo values 
in the table above are averages since 
the albedo varies through time. For 
example, the number of clouds 
covering the earth varies from 
season to season. Therefore, the 
albedo of the earth varies a few 
percent throughout the year. 


The perceived brightness of a planet 
or moon (i.e. what we see with our 
eyes), depends on three things: (1) 
the object's albedo, (2) the total 
amount of light that is hitting the 
object in the first place, and (3) the 
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distance between the object and the 
eye or camera that is viewing it. 
Planets and moons that are closer to 
the sun receive much more sunlight 
and therefore generally have a 
higher perceived brightness. Also, 
planets and moons that are closer to 
the earth have more of their 
reflected light reach the earth and 
therefore generally have a higher 
perceived brightness as seen from 
earth. The moon indeed looks 
brighter than Venus to a human 
standing on earth's surface, but 
that's just because the moon is so 
close to earth. 


*Note that many planets and moons 
can create small amounts of light 
through localized phenomena. 
Examples of such phenomena include 
lightning, glowing lava, and 
atmospheric aurora. While such 
phenomena can lead to stunning 
photos when captured by nearby 
Spacecraft, they generate such little 
light that they do not contribute 
Significantly to the brightness of the 
planet or moon when viewed from a 
distance. 
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12. 
ORBIT 


Why doesn't the earth fall 
down? 


The earth does fall down. In fact, the 
earth is constantly falling down. It's 
a good thing too, because that is 
what keeps the earth from flying out 
of the solar system under its own 
momentum. Gravity is a centrally 
attractive force, meaning that 
objects in a gravitational field always 
fall towards the source of the 
gravity. Gravity is caused by mass, 
so objects with more mass, such as 
planets and stars, exert a lot of 
gravity. The earth and everything on 
it is constantly falling towards the 
sun because of the sun's immense 
gravity. This statement is not a 
metaphor or a play on words. The 
earth is literally falling towards the 
sun under its immense gravity. 


So why don't we hit the sun and burn 
up? Fortunately for us, the earth has 
a lot of sideways momentum. 
Because of this sideways 
momentum, the earth is continually 
falling towards the sun and missing 
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it. Scientists use fancy phrases for 
this effect such as "stable orbit" or 
“closed trajectory", but 
fundamentally what they mean is 
"falling and missing". All 
gravitational orbits are actually 
cases of falling and missing. 
Astronauts on the International 
Space Station are not in a no-gravity 
environment. They are surrounded 
by the earth's and the sun's immense 
gravity. More correctly, the 
astronauts are in a state of free fall. 
Astronauts in orbit are constantly 
falling towards the earth and missing 
it. 


Newton had a clever way of 
explaining the nature of orbits. 
Consider a cannon on the surface of 
the earth that shoots a cannonball 
straight forward. As the ball speeds 
forward, earth's gravity pulls on it 
and it falls to the earth until it hits 
the ground. But the cannonball does 
not strike the earth at the exact spot 
it was fired because its forward 
momentum carries it forward a ways 
before striking the earth. Now shoot 
the cannonball again, this time with 
a higher forward speed. The ball still 
falls and eventually strikes the 
earth, but because it has a higher 
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forward speed (sideways, relative to 
the earth) the ball can cover more 
distance before striking the earth. If 
you shoot the ball fast enough, as 
shown in the picture on the right, it 
will still fall but will never manage to 
strike the earth. The earth will curve 
away faster than the ball can fall 
towards it. As a result, the ball will 
continually fall and miss and will end 
up circling the earth. This is exactly 
what satellites do. To get an object 
to orbit the earth, you just have to 
give it enough sideways speed that it 
will miss the earth as it falls. 


If the earth was not falling around 
the sun, it would fly wildly out of 
orbit under its own inertia. The 
falling trajectory of the earth around 
the sun, combined with earth's tilt, is 
what causes the different seasons. 
All the planets in our solar system 
are falling around the sun but have 
enough speed to not hit it. Why are 
there no objects that do fall right 
into the sun? There were such 
objects, put once they fall into the 
sun, they burn up and become part 
of the sun. Our solar system is so 
old, that all rocks and dust clouds 
without enough speed to miss the 
sun have long since burned up in the 
sun. 


227 


All objects in the universe are 
constantly falling. You fall to the 
earth every time you jump. You and 
the earth are constantly falling 
around the sun. You, the earth, and 
the sun are constantly falling around 
the center of the galaxy. Why don't 
we feel all this falling motion? We do 
experience all this falling, we just 
don't notice it. The sun is so far away 
compared to humans, that our falling 
motion around the sun is very close 
to a constant speed in a straight line. 
Interestingly, you can't feel a 
constant speed in a straight line. 
Similarly, the galactic center is so far 
away that our falling motion around 
the galactic center is very close to a 
constant speed in a straight line. Our 
actual trajectory around the galactic 
center is curved, but the curve is so 
huge that it is essentially straight on 
human scales. 
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Newton's cannonball thought 
experiment demonstrating that 
orbits are just objects falling but 
traveling sideways fast enough to 
never strike the source of the 
gravity. 


Why is the sun cold in the winter? 


The sun does not get cold in the 
winter. The sun is a giant ball of fire 
driven by nuclear reactions. The 
surface of the sun stays at an 
incredibly hot temperature of about 
5800 Kelvin all year long. The high 
temperature of the sun causes it to 
constantly emit prodigious amounts 
of thermal radiation in all directions, 
mostly in the form of infrared waves, 
visible light, and ultraviolet waves. 
This radiation spreads throughout 
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our solar system and warms 
everything it hits. 


Regions of earth are colder in the 
winter because the tilt of the earth 
causes the sunlight to be spread 
over a larger area and therefore be 
weaker per unit area in these 
regions. Some people think the earth 
gets colder in the winter because the 
earth is farther away from the sun, 
but this idea is wrong. In fact, the 
earth is farthest from the sun in the 
northern hemisphere's summer, and 
not winter. But distance to the sun 
does not have much effect on the 
amount of sunlight the earth 
receives because the distance to the 
sun does not really change that 
much. The earth is about 
150,000,000 kilometers away from 
the sun. Over the course of a year, 
the distance from the earth to the 
sun changes by at most 5 million 
kilometers. To put this in 
perspective, the orbit of the earth 
around the sun throughout the year 
is plotted below to scale. You can't 
tell, but at this scale the earth is 302 
pixels from the sun when at the 
leftmost point in its orbit and 298 
pixels from the sun when at the 
rightmost point. 


230 


231 


The orbit of the earth around the sun, 
with all sizes and locations to scale. The 
white dot near the center is the sun, and 
the blue line is the path of the earth 
through-out the year. The earth itself is 
not visible because at this scale it is only 
0.02 pixels wide. The distance of the 
earth from the sun is more or less 
constant through-out the year. 


The axis of earth's rotation is tilted 
about 23 degrees with respect to its 
orbit around the sun. This mean's 
that in the north's summer time, the 
northern hemisphere is tilted 
towards the sun and in the winter 
time, the northern hemisphere is 
tilted away from the sun. When a 
region of land is tilted towards the 
sun in the summer, that means that 
the sun spends more time higher in 
the sky and the sunlight received by 
that spot of land is more direct. In 
contrast, when that spot on the 
earth is tilted away from the sun in 
the winter, the sun is in general 
lower in the sky, and it receives less 
direct sunlight. Less direct sunlight 
means that the sunlight is coming in 
at a low angle, so that it is smeared 
across a greater area when it hits 
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the surface. Because it is smeared 
over a greater area, winter sunlight 
has less power per unit area, and 
therefore heats the earth less, 
leading to cold winters. 


Interestingly, when the northern 
hemisphere is tilted towards the sun, 
the southern hemisphere is tilted 
away. This means that when the 
north is having summer, the south is 
having winter and when the north is 
having winter, the south is having 
summer. The effect of sunlight angle 
on temperature can be most easily 
seen at the extremes. Near the south 
pole and the north pole, the sun is 
always very low in the sky, and the 
sunlight always comes in at a very 
low angle. As a result, the poles are 
generally very cold. In contrast, near 
the equator, the sun is always high in 
the sky around noon and the sunlight 
is very direct. As a result, the 
regions near the equator are 
generally very hot. 
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As shown here, the northern hemisphere receives less 
sunlight per unit area when it is tilted away from the sun 
and experiences the cold of winter. At the same time, the 
southern hemisphere is receiving more sunlight per unit 
area because it is tilted towards the sun and experiences 
the heat of summer. Sunlight is represented as yellow 
beams to illustrate the effect of angle on spreading. 


13. PLANETARY ALIGNMENT 


The planets in our solar system 
never line up in one perfectly 
straight line like they show in the 
movies. If you look at a two- 
dimensional plot of the planets and 
their orbits on a piece of paper you 
may be lead to believe that all the 
planets will circle around to the 
same line eventually. In reality, the 
planets do not all orbit perfectly in 
the same plane. Instead, they swing 
about on different orbits in three 
dimensional space. For this reason, 
they will never be perfectly aligned. 
It's like waiting for a swarm of flies 
circling your head to all line up. It Is 
not going to happen. When 
astronomers use words like 
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“planetary alignment", they don't 
mean a literal lining up. They just 
mean that some of the planets are in 
the same general region of the sky. 
And this type of "alignment" almost 
never happens to all the planets, but 
instead happens to two or three 
planets at one time. 
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Furthermore, "planetary alignment" 
depends on your viewpoint. If three 
planets are in the same region of sky 
from the earth's point of view, they 
are not necessarily in the same 
region of sky form the sun's point of 
view. Alignment ts therefore an 
artifact of a viewpoint and not 
something fundamental about the 
planets themselves. 


Even if the planets did all align ina 
perfectly straight line, it would have 
negligible effects on the earth. 
Fictional and pseudo-science authors 
like to claim that a planetary 
alignment would mean that all of the 
gravitational fields of the planets 
add together to make something 
massive that interferes with life on 
earth. In truth, the gravitational 
pulls of the planets on the earth are 
so weak that they have no significant 
effect on earth life. There are only 
two solar system objects with 
enough gravity to significantly affect 
earth: the moon and the sun. The 
sun's gravity is strong because the 
sun is so massive. The moon's 
gravitational effect on the earth is 
strong because the moon is so close. 
The sun's gravity causes earth's 
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yearly orbit and therefore, combined 
with earth's tilt, it causes the 
seasons. The moon's gravity is 
primarily responsible for the daily 
ocean tides. The near alignment of 
the sun and the moon does have an 
effect on the earth, because their 
gravitational fields are so strong. 
This partial alignment occurs every 
full moon and new moon, and it leads 
to extra strong tides called "spring 
tides". The word "spring" here refers 
to the fact that the water seems to 
leap up the shore with the extra 
strong tides every two weeks, and 
not that they occur only in the Spring 
season. 


Let's put some numbers behind 
these claims. Using Newton's Law of 
Universal Gravitation and the known 
masses and distances of the sun, the 
moon, and the planets, we can 
calculate the gravitational force that 
a 100 kg person feels from each 
astronomical body when he is 
located on earth's surface at the 
equator: 
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Astronomical Body 


Gravitational Force (N) 


Earth 


980 


Sun when closest 


0.61 


Sun when farthest 


0.57 


Moon when closest 


0.0039 


Moon when farthest 


0.0029 


Jupiter when closest 


0.000037 


Venus when closest 


0.000022 


Saturn when closest 


0.0000026 


Mars when closest 


0.0000014 


Mercury when closest 


0.00000037 


Uranus when closest 


0.000000088 


Neptune when closest 


0.000000037 


All planets when closest 


0.000064 


Note that because the planets orbit 
the sun along different paths at 
different speeds, the distance 
between them is constantly 
changing. Therefore, in the interest 
of seeing what the effect of a 
planetary alignment might be, I have 
calculated the gravitational force 
from each planet when it is the 
closest to the earth. As this table 
shows, even if all the planets lined 
up at the points in their orbits where 
they are closest to the earth, the 
absolute highest gravitational force 
that all the planets combined could 
exert on a 100 kg person on earth's 
surface is 0.000064 Newtons. This 
value is 53 times weaker than the 
average gravitational force of the 
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moon. Furthermore, as the moon 
moves closer to and farther from the 
earth in its normal monthly orbit, the 
moon's gravitational force on a 100 
kg person on earth fluctuates by 
0.0010 Newtons, which is 15 times 
stronger than the gravity of all the 
planets combined if they were 
perfectly aligned. In other words, the 
gravitational effect of the moon 
coming closer to and farther from 
the earth every month ts far stronger 
than that of any planetary 
alignment, no matter how contrived. 
If the gravity of planetary alignments 
caused problems on earth, then the 
normal monthly fluctuation of the 
moon's gravity would cause 
problems that would be 15 times 
worse, or more. As should be 
obvious, there is not a giant 
earthquake, a catastrophe, ora 
Spate of crimes every month when 
the moon reaches its closest point to 
earth. Therefore, the fluctuations in 
gravitational force on us due to the 
alignment of any planets, which is 
tens to thousands times weaker than 
that of the moon, has no effect on 
earth. 
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The closest that the eight planets 
will come to being aligned (Pluto is 
now considered a dwarf planet) will 
occur on May 6, 2492. Again, on this 
date, the planets will not be situated 
along a line. Rather, they will be tn 
the same 180-degree-wide patch of 
sky, as shown in the image below. 


Saturn, Neptune 


O 
genus Mars “Uranus 


Jupiter 


oMercury © 


Additionally, the five planets Jupiter, 
Saturn, Mars, Venus and Mercury will 
be in the same general part of the 
sky on September 8, 2040. While 
these planetary alignments have no 
effect on the earth, they can make 
for interesting nights for star gazers 
who know what to look for. 
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14.TORNADO 


Can it rain fish? 

Yes. Although rare, there are 
numerous instances of fish falling 
down from the skies. Of course, the 
fish do not really "rain" in the sense 
of condensing out of water vapor. 
The fish that fall from the sky are 
just fish that used to be in the sea. 
So what puts the fish up tn the sky in 
the first place? Although few 
detailed scientific observations have 
been performed on this 
phenomenon, the common consensus 
is that tornadoes are the culprit. 
When tornadoes traverse over 
bodies of water, they become known 
as waterspouts. Waterspouts suck up 
lake or ocean water along with the 
fish or other creatures swimming in 
the water. The fish are sucked up the 
tornado's vortex and then blown 
around in the clouds until the 
windspeed decreases enough to let 
them fall back to the ground, 
perhaps miles away from where they 
started. According to Bill Evans' 
meteorology book titled It's Raining 
Fish and Spiders, creatures fall from 
the sky about forty times a year. All 
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sorts of creatures have been 
reported raining down, including 
Snakes, worms, and crabs, but fish 
and frogs are the most common. 
Even squid and alligators have been 
reported to fall from the sky. Often, 
the process of being swept high into 
the clouds encases these creatures 
in a layer of ice or hail that may still 
remain after they have plummeted 
back to earth. Raining creatures 
encased in blocks of ice can be very 
dangerous and have been known to 
smash through car windshields. If 
you see any wildlife falling from the 
sky, seek shelter indoors 
immediately. 
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Where is the safest place to go when 
a tornado hits? 

Contrary to popular belief, the safest 
place to go when a tornado hits is 
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not under a highway overpass. This 
location has little to protect you from 
debris being thrown around by the 
tornado. Additionally, overpasses 
can collapse. Most of the damage 
that a tornado causes is due to its 
high winds knocking down structures 
and hurling debris like bullets. When 
rocks, metal signs, roof shingles, or 
wall studs get picked up and thrown 
at high velocity by the wind, they act 
like cannonballs. The main damage 
from a tornado is not due to an air 
pressure difference that makes 
sealed houses explode. For this 
reason, opening windows before a 
tornado to relieve air pressure will 
not lessen the damage. With these 
concepts in mind, the safest place to 
go in a tornado strike is not outside, 
in your car, or under a highway. 
Tornadoes have been known to pick 
up cars, trucks, and even buses. The 
safest place to seek shelter from a 
tornado is deep inside a strong 
building where you will be protected 
from flying debris and collapsing 
outer walls. The Federal Emergency 
Management Agency 

(FEMA) recommends the following 
course of action in a tornado 
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warning: If you are in a mobile home 
or outside, get to a solid building as 
soon as possible. Once in the 
building, "Go to a pre-designated 
shelter area such as a safe room, 
basement, storm cellar, or the lowest 
building level...go to a small interior 
room or hallway on the lowest floor 
possible." Furthermore, FEMA 
recommends that if you can't get to 
a building in time, seek out a low 
spot. "If you can safely get 
noticeably lower than the level of the 
roadway, leave your car and lie in 
that area, covering your head with 
your hands. Do not get under an 
overpass or bridge. You are safer ina 
low, flat location." Also be aware that 
a tornado can be touching the 
ground and causing damage even if 
it does not appear to visibly reach 
the ground. The invisible wind of the 
tornado is what causes the damage 
and not the funnel cloud trapped in 
the tornado. 
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Highway underpasses, cars, or near 
windows are not the safest places to go 
when a tornado hits. The safest place is 
an interior room on the lowest floor of a 
strong building, such as the basement. 


15.THE 
SUN 


What keeps the sun 
spinning? 


Nothing keeps the sun spinning. The 
sun spins under its own inertia and 
does not need any help to keep it 
going. Isaac Newton observed that 
objects in motion tend to stay In 
motion. This is called the Law of 
Inertia. It means that if an object is 
already moving and nothing acts on 
it to stop it, the object will just keep 
moving under its own inertia. For 
instance, a hockey puck sliding 
across the parking lot will only stop 
if it hits a wall or if there is enough 
friction acting on it to slow it down 
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to a stop. Without an external force 
like friction or a wall getting in the 
way, the puck will slide forever 
under its own inertia. The Law of 
Inertia is just a conceptual 
statement. The more general and 
more mathematical version of the 
Law of Inertia is called the Law of 
Conservation of Momentum. It states 
that the total momentum of an 
object stays constant if nothing acts 
on the object. 


There are two basic types of motion: 
moving forward in a straight line 
(linear motion) and turning around in 
a circle (rotational motion). For both 
types of motion, the momentum of 
an undisturbed object is conserved. 
In other words, an object that is 
moving forward in a straight line will 
continue moving forward ina 
straight line if left alone, and an 
object that is spinning will continue 
to spin if left alone. For instance, if 
you get a child's top spinning, it just 
keeps on spinning. Eventually it 
stops because of the little bit of 
friction acting on its base. But if 
there were no friction, it would just 
keep spinning forever. The Law of 
Conservation of Momentum applies 
to both linear and rotational motion. 
For rotational motion, the law is 
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called the Law of Conservation of 
Angular Momentum. This law is why 
the sun keeps spinning. Since there 
is effectively zero friction in space 
and because there is nothing 
grabbing the sun, there is nothing 
stopping the sun. Therefore, it just 
keeps on spinning under its own 
angular momentum. This effect is not 
some special property of the 

sun. A// planets, moons, and stars 
spin for this same reason. 


These concepts naturally lead to the 
next question: What got the sun 
spinning in the first place? The 
answer to this question is a bit more 
complicated, but it again comes 
down to the Law of Conservation of 
Angular Momentum. This law states 
more than the fact that a spinning 
object keeps spinning. It also states 
that the total angular momentum of 
an object remains constant, even if 
the object changes shape, as long as 
the object is isolated from external 
influences. The angular momentum 
of an object equals its angular speed 
of rotation times its moment of 
inertia. The moment of inertia 
specifies how far away the different 
mass-carrying parts of the object are 
away from the axis of rotation. In 
order to keep the angular 
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momentum constant, if the object's 
moment of inertia goes down (i.e. it 
gets more compacted), its speed of 
rotation must go up. 


You have probably seen this effect 
before. Consider an ice skater that is 
spinning quickly in one place. When 
the ice skater brings in her arms, her 
spinning speeds up. When she 
extends her arms, her spinning slows 
down. All of this happens because 
her total angular momentum must 
stay constant. You can even 
experience this effect yourself. Sit on 
a swivel chair, lift your feet off the 
ground and get yourself spinning. 
You can control how fast you spin by 
how far you extend your arms and 
legs. Another example of this effect 
is water going down the drain. Due 
to tiny natural vibrations in the 
house, a tub of water gets a very 
small amount of spinning motion. 
This amount of spinning Is usually so 
small that you can't notice it. But as 
the water heads towards the drain, it 
compacts into a smaller distribution 
of water. In order to keep its angular 
momentum constant, the water must 
speed up its rotation. As a result, the 
water swirls quickly down the drain. 
(Contrary to popular belief, the 
swirling motion of water going down 
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a drain is not caused by the Coriolis 
force.) 


Now let's return to the sun. The sun, 
and in fact the whole solar system, 
formed from a giant cloud of gas and 
dust. Because of random 
gravitational interactions with other 
astronomical bodies, this cloud 
gained a very small amount of 
rotational motion. Based on 
statistics, it would be nearly 
impossible for any cloud of fluid 
material to have exactly zero 
rotational motion. Over time, this 
cloud of gas and dust collapsed down 
under the influence of gravity. It 
collapsed down to form the sun and 
the planets in our solar system. Just 
like with water going down the drain, 
conservation of angular momentum 
made it so that a large cloud with a 
little bit of spinning motion 
compacted into a relatively small sun 
and planets with a lot of spinning 
motion. Since the planets and the 
sun all formed from the same cloud, 
the planets all orbit the sun in the 
same direction that the sun spins. 


In summary, the sun keeps spinning 
because there is nothing to stop it. 
The sun started spinning because it 
formed from a large cloud with a 
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little bit of spinning motion that got 
compacted down. 
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Why does the sun not run out of 
oxygen as it burns? 


The sun does not run out of oxygen 
for the simple fact that it does not 
use oxygen to burn. The burning of 
the sun is not chemical combustion. 
It is nuclear fusion. Don't think of the 
sun as a giant campfire. It is more 
like a giant hydrogen bomb. 


In standard carbon combustion, 
carbon atoms in the fuel move up 
close to oxygen atoms in the air and 
bond together to make carbon 
dioxide and carbon monoxide. At the 
same time, hydrogen atoms in the 
fuel bond with oxygen atoms to 
make water molecules. There are 
often other chemical reactions 
occurring in a carbon-based fire, but 
the combustion of carbon and 
hydrogen atoms are the main ones. 
This combustion releases energy 
which we experience as the heat and 
light given off by the flame. Most of 
the fires that we see in everyday life 
are carbon combustion: campfires, 
oven flames, candle flames, 
barbecue grills, forest fires, gas 
furnaces, gasoline burning in 
engines, etc. The key to remember is 
that carbon combustion requires 
oxygen. As soon as there is no 
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oxygen left, carbon combustion 
stops. 


In nuclear fusion, the nuclei of atoms 
are fused together to make new, 
bigger nuclei. Since the nucleus of 
an atom determines what the atom is 
and how it behaves, a change to the 
nucleus causes the atom to become a 
new element. For instance, two 
hydrogen atoms fuse together to 
make one helium atom. Nuclear 
fusion does not require oxygen. In 
fact, you don't need any other 
material at all. You just need enough 
pressure or heat to squeeze the 
nuclei of the atoms close enough 
that they overcome their 
electrostatic repulsion and bond into 
a single nucleus. In a nuclear fusion 
bomb, the intense pressures and 
temperatures are provided by other 
bombs. In a tokamak nuclear fusion 
reactor, the intense pressures and 
temperatures are provided by 
magnetic confinement fields, by the 
insertion of electromagnetic waves, 
and by the injection of high-energy 
particles. In stars, the intense 
pressures and temperatures are 
provided by gravity. A star has such 
large mass that the gravity created 
by this mass crushes the star inward 
enough to ignite nuclear fusion. 
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Nuclear fusion in stars releases 
immense amounts of energy, which 
we ultimately experience as sunlight. 
The energy released by fusion also 
helps sustain the nuclear fusion 
reaction. Our sun has a core 
temperature of 16 million Kelvin and 
a core pressure of 25 thousand 
trillion Newtons per square meter. 
The sun gets so hot from its nuclear 
fusion that it glows and emits light, 
just like how a piece of metal glows 
red if you heat it up. 


There are two main forces at work in 
nuclear fusion: the electromagnetic 
force and the strong nuclear force. 
The repulsive electromagnetic force 
between positively-charge nuclei is 
long-range but relatively weak, while 
the attractive strong nuclear force is 
short-range but strong. When two 
nuclei are far enough apart, the 
repulsive electromagnetic force 
dominates, holding the nuclei apart. 
As the two nuclei get closer, the 
electromagnetic repulsion gets 
stronger and it gets harder and 
harder to push the nuclei together. 
When the two nuclei get close 
enough, the attractive short-range 
nuclear force dominates and the two 
nuclei stick together to form a new 
nucleus. For this reason, it takes a 
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lot of pressure to push nuclei close 
enough that they fuse together. 


In principle, any two nuclei can be 
fused into a single nucleus. However, 
it is the easiest to fuse (and the most 
energy is released from) nuclei that 
have little electromagnetic repulsion 
because they have little electric 
charge. The nuclei with the least 
electric charge are the lighter 
elements, such as hydrogen and 
helium. In stars, most of the fusion 
taking place is hydrogen fusing with 
itself or with other light elements. 
Since gravity is what provides the 
pressure to ignite nuclear fusion in 
stars, and since gravity is caused by 
mass, all you need is a big enough 
mass of hydrogen tn order to end up 
with burning stars. There Is very 
little oxygen in stars. The oxygen 
that is there was created by 
hydrogen fusing repeatedly until it 
made the oxygen. 
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Why doesn't the outside world 
appear blue even though so much 
light comes from the blue sky? 


Actually, a lot of the outside world 
on a sunny day /s tinted blue 
because of the blue sky. The blue 
tinting of the outside world is quite 
striking if you know how to look for 
it. 

Sunlight that has just left the sun 
contains a relatively equal mix of all 
spectral colors and is therefore 
white. When the sunlight passes 
through the air in earth's 
atmosphere, some of the light is 
scattered sideways by the air 
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molecules. The air molecules scatter 
a little bit of a// colors out of the 
forward-traveling beam of sunlight, 
but blue and violet colors are 
scattered the most, giving the sky 

a whitish-blue appearance. Since 
more blue and violet light have been 
removed from the forward traveling 
beam than other colors, the direct 
sunlight that reaches earth's surface 
is slightly tinted orange-red 
compared to the sunlight given off at 
the sun's surface. But this orange- 
red tint is so small (because the total 
amount of light scattered out by the 
atmosphere is small compared to the 
sunlight that continues on in the 
forward direction) that direct 
sunlight that reaches earth's surface 
is still white. 


The white direct sunlight is much 
brighter than the blue skylight, and 
this is the main reason that the 
entire outside world is 

not completely blue. White light 
contains all colors, so a scene 
illuminated by white light will show 
all the innate colors of the objects in 
the scene. When illuminated by 
white light such as sunlight, we are 
able to see the grass as green, the 
flowers as red and wood as brown. 
The world shows its usual mix of 
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colors when illuminated by white 
light. 


This diagram illustrates how our eyes 
are good at seeing relative color but not 
absolute color. The squares of color 
containing the black dots are both 
exactly the same color, but our eyes 
can't see this because our perception is 
overloaded with local relative color 
difference. information. 


White sunlight is so bright compared 
to blue skylight that when an object 
is in direct sunlight, it just looks like 
its innate color. But, when an object 
is in Shadow so that direct sunlight 
cannot reach it (and there are not 
too many clouds that block the 
Skylight), the object is now being 
illuminated only by blue skylight. 
Shadows on a clear day are therefore 
blue tinted. The more shadows there 
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are, the more the world around you 
is tinted blue. When the sun is low in 
the sky and behind the trees, the 
entire landscape can end up being 
shadowed from direct sunlight and 
therefore be blue tinted. We often 
don't notice the blueness of the 
outside world because our human 
eyes are better at seeing relative 
color than absolute color. This means 
that our eyes are better at picking 
out color differences than at picking 
out an overall color on an absolute 
scale, as shown in the image above. 
But the blue tint of the outside world 
becomes obvious if you look into an 
area of deep shadow on a bright, 
clear day. The blue tint of shadows 
can make for dazzling scenery 
worthy of being painted or 
photographed. 
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When the scenery includes a lot of 
shadow and there is snow.on the ground 
to reflect a lot of the light, the blue tint 
of the outside world caused by the sky 
becomes obvious. 
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Physics, which also means 
‘knowledge of nature’, isa 
subject of science which 
studies matter, its 
movements and Its action 
through space and time in 
nature. 


The first and main important 
objective of physics is to 
understand how the universe 
functions and assist in 
making new discoveries with 
time. Physics is one of the 
most important subjects and 
areas of study which fuels 
most of the work we get 
done by today's machines. 
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Today, we live in a world where 
physics has transformed our 
lives. Two of the most 
Important things about 
physics: generate fundamental 
knowledge required for 
technological developments 
that ease and automate our 
work, its bounding with fields 
like engineering, computer 
studies, space travel, 
chemistry and biomedical 
Studies. which you will 
absolutely love. 


